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ABSTRACT 
 
 
 Climate change is arguably the greatest environmental and economic challenge of our 
time.  There are considerable documented and projected impacts to both human and natural 
systems as a result of climate change.  These impacts include changes in temperature, sea 
level, precipitation patterns, and biogeography of ecologically and economically relevant 
species, including pathogens.  One of the main drivers of climate change is elevated levels of 
atmospheric carbon dioxide (CO2), a greenhouse gas.  Since pre-industrial times, atmospheric 
CO2 levels have increased from approximately 280 ppm to over 400 ppm, as a result of fossil 
fuel combustion, cement production and land use change.   
In addition to being a driver of climate change and a direct contributor to the increase in 
global average temperatures, elevated atmospheric CO2 also affects biogeochemical cycles. 
When ocean surface waters equilibrate with higher levels of atmospheric CO2, there is an 
increase in acidification and resulting effects on marine biota, such as changes to community 
composition and decreases in calcifying organisms.  Freshwater systems are less understood, 
but many freshwater systems are experiencing acidification and the resulting ramifications as 
well.  Microalgae, as the primary producers in these systems, are often studied as sentinels of 
such change.   
 Here, I present studies using microalgae to monitor and mitigate elevated CO2.  The 
goals of the investigation were to conduct 1) a field study to determine if microalgae in a 
freshwater stream were impacted by an elevated CO2 treatment; 2) a meta-analysis of elevated 
CO2 effects on freshwater microalgae; and 3) a laboratory study to optimize growth of 
microalgae for biofuels production.   
vi	
In the first chapter, I provide background information and the framework for the studies 
that follow.  Past, present and future atmospheric carbon dioxide levels are discussed as well as 
their impacts to marine and freshwater systems.  The importance of microalgae to these aquatic 
systems is described.  Then I discuss the role of microalgae in elevated CO2 monitoring and 
mitigation.  
In the second chapter, I present a field study of elevated CO2 effects on a freshwater 
stream.  The study took place at the University of Michigan Biological Station at the Stream 
Research Facility.  Once-through artificial stream channels were employed to grow microalgae 
in simulated natural stream conditions.  The stream channels were subjected to ambient or 
elevated CO2 treatments and impacts to stream water chemistry and microalgae were 
measured.  Stream water chemistry was impacted by the elevated CO2 treatment such that 
there were significant decreases in pH and significant increases in dissolved inorganic carbon.  
However, these chemical changes did not have a measured impact on the stream microalgae, 
as measured by microalgal biomass, elemental composition, and community composition.  
Perhaps microalgae will not be the first to be impacted by increasing levels of atmospheric CO2, 
though freshwater systems vary considerably and more research is needed to confirm this 
conclusion.   
In the third chapter, I present the results of a meta-analysis of elevated CO2 effects on 
freshwater algae.  We conducted a literature search in ISI Web of Science of all publications on 
freshwater microalgal response to elevated CO2 and chose studies that used elevated CO2 
levels of less than or equal to 2,000 ppm, which is the highest level projected for the future by 
the Intergovernmental Panel on Climate Change.  From the twenty-two papers that met the 
inclusion criteria, qualitative and quantitative data were extracted and categorized into response 
classes including water chemistry, microalgal growth, carbon fixation and photosynthesis, 
nutrient uptake, and consumer response.  Effect sizes for elevated CO2 were calculated, and 
CO2 enrichment significantly increased water acidity and dissolved inorganic carbon 
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concentrations, microalgal growth, carbon fixation and photosynthesis, and algal nutrient 
uptake.  Algal consumers (e.g., herbivores) in general were negatively affected, but the overall 
result was not statistically significant.  We also analyzed a variety of experimental parameters 
and determined that experimental design and algal culture conditions did not impact elevated 
CO2 effects on freshwater microalgae in the studies conducted to date.   
 In the fourth chapter, I provide the results of a laboratory-based study of the marine 
microalgae Picochlorum oculatum, which has shown promise as a source of biofuel because of 
its high lipid production and relative ease of growing in culture.  We ran a series of lab 
experiments to optimize growth conditions and maximize growth of P. oculatum.  Experiments 
included tests of light source (LED or metal halide), CO2 delivery (continuously or in pH-
controlled pulses), inoculum size (10%, 15% or 20%), and culture pH (7.0, 7.5, or 8.0); these 
variations did not significantly impact growth so future experiments were run in the most cost-
effective manner using LED lights, with pH-controlled pulses, 10% inoculum size and at culture 
pH of 7.5.  We also tested different sources of supplied nitrogen in an effort to reduce culture 
costs and potentially improve sustainability by using urea and ammonium, sources of nitrogen 
readily available from wastewater treatment. Growth was comparable using the standard 
artificial nitrogen source, nitrate, and the wastewater-constituent urea, indicating that urea may 
be a cost-effective and sustainable source of nitrogen for microalgal cultures grown on an 
industrial scale for biofuel production.  Growth using ammonium was not successful even when 
concentrations were reduced and a buffer was added to reduce acidification of the growth 
medium resulting from ammonium uptake by the algae. More research is needed to determine if 
ammonium can be a suitable nitrogen source for microalgae.  Experiments were also conducted 
in an outdoor setting to determine if high growth levels were maintained when the cultures were 
grown at a larger scale and in variable natural conditions; successful growth was demonstrated 
over 68 days, indicating that P. oculatum may be a promising candidate for biofuel production.  
Additional research is needed to further optimize culture growth and streamline operations. 
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 The body of work herein examines the role of microalgae in elevated CO2 monitoring 
and mitigation.  There is considerable evidence that elevated atmospheric CO2 impacts aquatic 
chemistry through increases in dissolved inorganic carbon and acidity.  These chemical 
changes have varied impacts on aquatic biota, including microalgae, which play foundational 
roles in ecosystems as primary producers and bases of food webs.  Microalgal responses to 
elevated CO2 may impact other trophic levels and have widespread effects on aquatic 
ecosystems.  Additional research is needed on elevated CO2 effects on microalgae, particularly 
in freshwater systems, which are less understood than marine systems and perhaps less 
predictable due to the wide variability in their physical, chemical and biological compositions.  
Microalgae may also play a significant role in elevated CO2 mitigation because of their potential 
in biofuel production.  With additional research focused on reducing costs and improving 
sustainability, microalgae may play an important role in reducing elevated CO2, one of the main 
drivers of climate change. 
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CHAPTER 1 
Introduction 
 
Atmospheric CO2 Concentrations 
Before the Industrial Revolution, atmospheric carbon dioxide (CO2) concentrations were 
fairly stable around 280 ppm (Ciais et al., 2013).  It was at this level that our society was 
structured including our food and water supplies, our infrastructure and our health care systems.  
Since the Industrial Revolution, primarily due to fossil fuel combustion, cement production and 
land use change, atmospheric CO2 levels have steadily increased and are currently at 407 ppm 
(Earth System Research Laboratory, 2016) and continuing to rise.  Emissions scenarios and 
Representative Concentration Pathways (RCPs), greenhouse gas trajectories, published by the 
Intergovernmental Panel on Climate Change (IPCC ) project atmospheric CO2 concentrations 
by the year 2100 to be between 794 and 1150 ppm; extended models now project 2,000 ppm by 
2250 (Collins et al., 2013).  In addition, it is estimated that between 15-40% of CO2 emitted to 
the atmosphere between now and the end of the century will remain in the atmosphere for over 
1,000 years (Ciais et al., 2013).  Thus, even if widespread emissions reductions were enacted 
immediately, we have already committed ourselves to atmospheric CO2 levels that are 
unprecedented in human timescales.   
It is well documented that the abundance of CO2 and other greenhouse gases in the 
atmosphere are causing environmental changes on local to global scales.  There has been a 
measured increase in global average temperatures, extreme weather events, sea levels, and 
the melting of glaciers, among many other ramifications (IPCC, 2014).  In addition, this excess 
CO2 increases ocean acidification.  As carbon dioxide is dissolved in the ocean, it forms 
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carbonic acid (H2CO3), which deprotonates into HCO3- (bicarbonate) and H+, thereby increasing 
the acidity of the water (Howard, 1998; Zeebe & Wolf-Gladrow, 2001).  This has profound 
effects on biogeochemical cycles and on aquatic organisms. 
 
Monitoring the Effects of Elevated Atmospheric CO2  
Marine Systems  
Elevated CO2 impacts to marine systems are relatively well-studied. Oceanic equilibrium 
with an atmosphere enriched in CO2 results in higher concentrations of dissolved inorganic 
carbon and an accompanying decrease in pH.  These chemical changes impact marine 
organisms in a variety of ways.  In a meta-analysis of the effects of ocean acidification on 
coccolithophores (calcifying phytoplankton), it was found that ocean acidification has a negative 
effect on calcification in some species, including the bloom-forming Emiliania huxleyi (Meyer & 
Riebesell, 2015).  Scanning electron microscopy revealed malformed and incomplete coccoliths 
in E. huxleyi and a decrease in calcification of 15.7%, as well as a decrease in calcification by 
44.7% in another coccolithophore, Gephyrocapsa oceanica (Riebesell et al., 2000).		In a meta-
analysis of biological response to increased ocean temperatures and acidification from elevated 
atmospheric CO2, phytoplankton overall (including coccolithophores, cyanobacteria, diatoms, 
dinoflagellates and foraminifera) experienced increased growth and photosynthesis levels and 
autotrophs overall (defined as any organism capable of fixing carbon through photosynthesis or 
chemosynthesis, including corals), increased in growth (Harvey et al., 2013). The combination 
of acidification and warming had a greater negative effect on overall survival and calcification 
than the effect of acidification alone. Further, the combined effects of acidification and warming 
had a significant positive effect on photosynthesis, whereas the effect of acidification alone on 
photosynthesis was not significant.  These results highlight that interactive effects may be more 
pronounced than effects measured in isolation.  
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Intracellular acidification may also be a detriment in some cases: Cytoplasmic pH of the 
coral Pocillopora damicornis decreased by 0.3 - 0.4 pH units when external pH decreased by 
0.2 pH units (Gibbin et al., 2014).  Such acidosis can disrupt carbon and nutrient acquisition, ion 
transport, and metabolism, and affect calcification and reef-building. However, in the coral 
symbiont Symbiodinium sp., a dinoflagellate, intracellular pH increased by 0.5 units after 105 
minutes from the time of elevated CO2 exposure; this was likely due to an increase in 
photosynthesis that utilized the excess CO2, driving up the pH.  The symbiont may therefore 
provide an advantageous buffering capacity to the host, accentuating the fact that species or 
their symbionts that are able to regulate internal pH or otherwise adapt may be at an advantage 
in high CO2, low pH conditions. 
 
Freshwater Systems 
 Elevated CO2 impacts to freshwater systems are relatively understudied compared to 
marine systems, and these systems vary considerably in terms of ionic composition, degree of 
buffering, nutrient inputs, temperature, light, depth, flow, biotic factors, and underlying geology, 
which impacts pH and chemical composition.  Thus, chemical impacts from CO2 enrichment 
often differ between such varied systems and it is difficult to draw widespread conclusions and 
make generalized management decisions.  However, from the research to-date, there is 
evidence that elevated atmospheric CO2 will impact freshwater chemistry in at least some 
circumstances.  For example, in an oligotrophic deep (24m) lake in Pennsylvania, pH decreased 
from 6.0 +/- 0.1 (mean +/- S.D.) in ambient CO2 conditions to 5.7 +/- 0.1 in elevated CO2 
conditions in microcosms incubated at 3m depth in the lake (Sobrino et al., 2009). In another 
field study, using water from the bay of a large shallow (2m) lake near Shanghai, China, pH was 
8.67 +/- 0.11 in the ambient CO2 treatment and 8.29 +/- 0.09 in the elevated CO2 treatment (Yu 
et al., 2015).  In a eutrophic lake (6m average depth) in northern England, pH was 11.14 +/- 
0.29 in the ambient system and 9.47 +/- 0.56 in the elevated CO2 system at high alkalinity (0.7 
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meq/L) (Ibelings & Maberly, 1998). The degree to which chemical changes in freshwater 
systems occur as a result of increases in atmospheric CO2 will depend on a variety of biotic and 
abiotic factors including the degrees of buffering, which could minimize changes in pH, and 
ambient CO2 saturation with respect to the atmosphere. 
Freshwater biota may also be affected by increases in atmospheric CO2, although as 
with chemistry, results will likely vary given the wide range of conditions found in freshwater 
environments (Weyhenmeyer et al., 2012).   Microalgae are primary producers in both marine 
and freshwater systems, and are responsible for at least 40% of annual global carbon fixation 
on earth (Falkowski, 1994).   They serve as carbon sinks, converting inorganic atmospheric 
carbon into organic carbon in the form of biomass, thereby playing a critical role in carbon 
cycling in aquatic ecosystems.  Microalgae are at the base of food webs in aquatic systems, 
providing energy, carbon and, in the case of cyanobacteria, nitrogen to organisms at other 
trophic levels (Stevenson, 1996; Wetzel, 2001). 
The response of freshwater microalgae to elevated CO2 varies.  Results have included a 
measured increase in primary productivity in a natural assemblage (e.g., Sobrino et al., 2009), 
an increase in the carbon uptake rate when phosphorus was also high in a natural assemblage 
(Song et al., 2014), and an increase in biomass and chlorophyll a in cyanobacterium Anabaena 
fertilissima (Chinnasamy et al., 2009). In other cases there were no changes in growth rates 
from a doubling in CO2 (350 ppm to 700 ppm) such as in cultures of chlorophytes Chlorella 
pyrenoidosa (Xia & Gao, 2003) and Chlamydomonas reinhardtii (Yang et al., 2001). 
Additionally, many lakes and rivers are already supersaturated with CO2 from decomposition of 
terrestrial inputs (Cole et al., 1994; Sobek et al., 2005; Jansson et al., 2012) so organisms may 
be already adapted to high levels of DIC.   
Elevated CO2 may also reduce the advantage of organisms expressing and maintaining 
carbon-concentrating mechanisms (CCMs), which provide an advantage in low or variable CO2 
environments but are metabolically costly to maintain.  Organisms with CCMs actively transport 
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inorganic carbon into cells well above levels expected by passive diffusion, resulting in an 
accumulation of CO2 near RubisCO and carbonic anhydrase, key enzymes involved in CO2 
fixation via the Calvin Benson Bassham cycle; this allows for continued high rates of 
photosynthesis during periods of low dissolved inorganic carbon (Spalding, 2008; Raven et al., 
2012; Raven & Beardall, 2014).   CCMs are ubiquitous in cyanobacteria and prevalent in green 
algae, diatoms and other microalgae (Raven et al., 2012), but may become less advantageous 
as CO2 continues to increase (Raven et al., 2012; Raven & Beardall, 2014).  Chlamydomonas 
acidophila Negoro downregulated its CCM when exposed to high CO2 (Spijkerman, 2008), and 
strains of the bloom-forming cyanobacterium Microcystis aeruginosa downregulated genes 
encoding for bicarbonate uptake, part of the CCM, in high CO2 conditions (Sandrini et al., 2015). 
When CCMs are no longer a benefit because of CO2 enrichment, organisms that had an 
advantage under low CO2 environments, but that expended energy and nutrients to synthesize, 
maintain and operate CCMs, may lose the advantage and be replaced by other organisms that 
are able to efficiently utilize the added CO2 in a less metabolically costly manner through 
passive diffusion (Raven et al., 2012). The downregulation of CCMs may therefore impact 
microalgal community composition to favor organisms without costly CCMs.   
In addition to direct effects to microalgae, there may be indirect effects such as impacts 
to algal consumers or microbial decomposers, which would impact community composition and 
food webs.  For example, under elevated CO2 in microcosms subjected to high nutrient levels 
(hypereutrophic conditions), there was an increase in density in Euglena gracilis (a producer) 
and in Tetrahymena thermophila (a consumer) but a decrease in Escherichia coli (a 
decomposer), possibly as a result of increased predation by higher densities of T. thermophila 
(Shikano & Kawabata, 2000).  Additionally, with lower nutrient levels, population densities of E. 
gracilis increased but T. thermophila and E. coli were not affected, providing an example of 
CO2-nutrient interactions.  In another study, Scenedesmus acutus (a producer) increased in 
abundance under elevated CO2 conditions but Daphnia pulicaria (a consumer) experienced a 
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decrease in growth rate; this may have been due to decreased nutritional quality of the algae, 
as evidenced by higher algal carbon content relative to phosphorus (Urabe et al., 2003).  
Another potential indirect effect of CO2 enrichment on algal consumers is an increase in algal 
toxins (Camacho, 2008). In one study, the cellular content of a toxin produced by the 
cyanobacterium Microcystis aeruginosa increased when CO2 doubled from 400 ppm to 800 ppm 
(Van de Waal et al., 2009).  However, cylindrospermopsin, another toxin produced by a 
cyanobacterium, was not affected by added CO2 (Pierangelini et al., 2015).  Elevated CO2 
impacts to freshwater systems are highly variable, not well understood, and a pressing data 
need (IPCC 2007; Bates et al., 2008; Environmental Protection Agency, 2010; Hasler et al., 
2016). 
 
Mitigating the Effects 
The atmospheric concentrations of CO2 and other greenhouse gases are of global 
concern and are an active component of international environmental policy negotiations.  Efforts 
to reduce greenhouse gases at the global scale led up to the Kyoto Protocol in 1997, to various 
intermediate agreements, and most recently, to the historic Paris Agreement in 2015.  The Paris 
Agreement was adopted between nations of the world to redouble efforts to reduce the causes 
and effects of climate change and to reduce our collective reliance on fossil fuels.  The signing 
parties agreed to binding commitments to dramatically reduce emissions, and to measures to 
sequester some of the already-realized atmospheric greenhouse gas burden (United Nations 
Framework Convention on Climate Change, 2016).  Mitigation options, used to reduce the total 
amount of carbon dioxide and other greenhouse gases emitted to the atmosphere, may include 
the use of carbon capture and storage, reforestation, and improved land management practices, 
as well as low-carbon energy sources, such as wind turbines, hydroelectricity, and biofuels.  
Microalgae are being studied for their potential as renewable, low-carbon sources of 
biofuel.  Microalgae typically grow readily and quickly in culture, with many species doubling 
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their biomasses in 24 hours (Chisti, 2007).  Of particular interest are species that produce large 
quantities of lipids that may be converted into high quality fuels; for example, oil content as a 
percent of dry weight has been reported to be up to 68% in species of heterokont 
Nannochloropsis, up to 75% in chlorophyte Botryococcus braunii and up to 77% in species of 
heterokont Schizochytrium (Chisti, 2007).  Investigations are underway to determine conditions 
for maximum lipid production such as nitrogen stress, which has been shown to increase lipid 
production (e.g., Takagi et al., 2000; Adams et al., 2013).   
The use of microalgae in biofuels reduces some of the obstacles found with other 
sources of low-carbon fuel.  For example, first-generation biofuel production using land crops 
such as corn required large tracts of land, thereby disrupting food production and frequently 
resulting in the destruction of natural ecosystems (Brennan & Owende, 2010; Milano et al., 
2016).  Large scale production of microalgae requires considerably less land.  In one study, it 
was estimated that 50% of U.S. transportation fuel needs could be produced using the area of  
1 - 3% of U.S. cropland (Chisti, 2007), and microalgae can also be cultivated on non-arable land 
(Brennan & Owende, 2010).  Microalgal cultures also typically require less water and nutrient 
inputs than for land crops, and they can grow year-round unlike many land crops that have a 
limited growing season (Brennan & Owende, 2010).   
While many species of microalgae show promise for biofuel production, there are 
challenges to cost-effective, industry-scale production.  For example, there are high energy 
requirements during growth, harvesting and extraction; this energy is often derived from fossil 
fuels and consequently, until energy requirements are reduced, the benefits gained from 
biofuels production may be outweighed by the energy costs required (de Boer et al., 2012; Lam 
& Lee, 2012; Lam et al., 2012). There is also a requirement for nutrient inputs, which are often 
provided in the form of synthetic fertilizers that are costly and require high energy inputs (mainly 
derived from fossil-fuels e.g., via the Haber process) during production.  Consequently, there is 
considerable research emphasis on utilizing more sustainable sources of nutrients, such as 
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those derived from wastewater treatment (Pittman et al., 2011; Farooq et al., 2013; Razzak et 
al., 2013).  Wasteful by-products are also a concern, and efforts are being made to use 
remaining proteins and carbohydrates after fuel extraction as animal feed, fish meal, and 
nutritional supplements (Brennan & Owende, 2010).   With these challenges in mind, research 
on algal biofuels is focusing on identifying species with the greatest potential and lowest 
requirements, and on streamlining processes to increase fuel efficiency and sustainability and 
decrease costs, so that algal fuels may be developed and utilized on an industrial scale as an 
alternative to high-carbon fossil fuels.   
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Abstract  
This study examines the effects of elevated CO2 on the benthic biology of a temperate 
freshwater stream.  It is one of the few studies focused on elevated CO2 impacts to intact, 
freshwater periphyton mats.  Carbon dioxide was bubbled into reservoirs of stream water, 
increasing the ambient pCO2 by approximately 1100 ppm.  The CO2-enriched water then flowed 
into artificial stream channels. Autoclaved ceramic tiles were placed into the channels to allow 
for benthic periphyton colonization.  Dissolved inorganic carbon increased and pH decreased 
with added CO2.  Measurements of biological parameters suggest the periphyton were 
unaffected by the changes in stream water chemistry.  We infer that rising atmospheric CO2 will 
impact stream water chemistry but that periphyton may not be the first to respond to these 
changes.  Impacts to alkaline freshwater rivers from elevated CO2 initially may be due to 
changes to terrestrial inputs that affect microbial decomposition and grazer activity, rather than 
through increases in periphyton carbon fixation.  However, environmental characteristics of 
freshwater systems vary considerably, and additional studies are needed for accurate predictive 
modeling and monitoring of the effects of increasing atmospheric CO2 on freshwater systems.   
 
Keywords: algae, periphyton, freshwater, streams, CO2, climate change 
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Introduction 
It is well documented that increasing atmospheric carbon dioxide is impacting 
biogeochemical cycles and ecosystem functioning (Falkowski et al., 2000; Intergovernmental 
Panel on Climate Change [IPCC] 2007; Environmental Protection Agency [EPA] 2009; Feely et 
al., 2009).  However, the impacts of elevated atmospheric CO2 on freshwater ecosystems are 
understudied and the need to quantify and predict these impacts has been highlighted as a 
pressing research objective (IPCC 2007; Bates et al., 2008; EPA 2010).   
Freshwater systems are important to consider for a complete understanding of global and 
regional carbon budgets (Finlay, 2003; Duarte & Prairie, 2005; Knoll et al., 2013).  They serve 
as important conduits between terrestrial, oceanic and atmospheric carbon reservoirs, and are 
themselves metabolically active and involved in carbon exchange (Cole et al., 2007; Battin et 
al., 2009; Tranvik et al., 2009).  Depending on season, basin type and climate, freshwater 
systems can serve as carbon sources or sinks (Tranvik et al., 2009; Knoll et al., 2013). Further 
studies are warranted to determine the effects of increasing atmospheric CO2 on these relatively 
understudied and varied systems. 
Elevated CO2 may be expected to stimulate the growth and alter the physiology and 
ecology of benthic algae.  Previous studies have shown an increase in periphyton growth under 
elevated CO2 (and in a freshwater system: Kominoski et al., 2007; in a marine system: Johnson 
et al., 2013), and Schippers et al. (2004) developed a model that predicted a possible doubling 
of growth rate under elevated CO2 (700 ppm) in some species of freshwater algae.  Elemental 
composition may also vary with elevated CO2.  In a stream mesocosm study, benthic algae 
subjected to elevated CO2 conditions (720 ppm) had higher C:P ratios (Hargrave et al., 2009), 
and higher C:N and C:P were measured in some freshwater species subjected to CO2 
enrichment (2000 ppm) (Urabe & Waki, 2009).   
Elevated atmospheric CO2  may also impact stream community composition as 
competition is altered between and within taxonomic groups with variations in dissolved 
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inorganic carbon acquisition mechanisms (Riebesell, 2004; Verschoor et al., 2013).  In elevated 
CO2 experiments, the relative frequency of occurrence of cyanobacteria decreased and the 
relative frequency of occurrence of chlorophytes increased (Low-Decarie et al., 2011; Verschoor 
et al., 2013).  This study seeks to further characterize the effects of elevated atmospheric CO2 
on freshwater benthic algae, and is one of the few studies focused on intact periphyton biofilms 
in a freshwater system.  We address the hypotheses that elevated CO2 will 1) increase benthic 
periphyton biomass, 2) alter elemental composition, such that C:N and C:P ratios increase, and 
3) change community composition resulting from an increase in frequency of species or algal 
groups most limited by CO2 availability.  We also investigated the possibility of changes in 
species composition within one of the major taxonomic groups, diatoms (Stelzer & Lamberti, 
2001; Kociolek et al., 2010); within this group, elevated CO2 was expected to increase the 
relative frequency of larger, chain-forming species that are able to overcome diffusion limitations 
often evident in ambient CO2 environments (as was found in marine systems: Tortell et al., 
2008; Johnson et al., 2013).  
 
 
Materials and Methods 
Stream Research Facility   
The experiment was conducted at the Stream Research Facility (latitude, longitude: 
45.564027, -84.751290) at the University of Michigan Biological Station (UMBS) in Pellston, 
Michigan.  The facility is located along the East Branch of the Maple River, which drains an 
alkaline glacial lake with groundwater inputs (Stelzer & Lamberti, 2001; Webb & Schrank, 2010).  
The East Branch flows through second-growth mixed deciduous-coniferous forest and has 
relatively stable nutrient concentrations and water temperatures (Stelzer & Lamberti, 2001; 
Lowe et al., 2010). The East Branch has a sandy bottom and is high in tannins.   
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Stream water from the East Branch of the Maple River was pumped into 208-liter plastic 
reservoirs that were outfitted with spigots to control water flow (Fig. 2.1).  Each reservoir drained 
into five plastic, non-reactive rain gutters (approximately 2.8 m long, 10 cm wide, and 7 cm 
high), which functioned as single-pass-through artificial stream channels (Stelzer & Lamberti, 
2001). Autoclaved ceramic tiles (approximately 4.5 cm by 4.5 cm each) were placed in each 
stream channel to provide colonizing substrate for periphyton (Stevenson & Bahls, 1999), and 
sand from the stream bed was added to each stream channel to simulate natural stream 
conditions. Stream water volume was approximately half the depth of each gutter. Nylon mesh 
(mesh size approximately 1 mm2) was affixed over the inflow pipe to each reservoir to reduce 
the input of debris and invertebrates into the reservoirs and stream channels. The experiment 
ran for five weeks to exceed the typical 28-day cycle of periphyton colonization, growth and 
sloughing (Stevenson & Bahls, 1999; Stelzer & Lamberti, 2001). 
Four reservoirs were assembled:  two ambient treatments consisted of stream water 
flowing through the reservoirs into the stream channels without CO2 enrichment and in two 
elevated treatments, pure CO2 was bubbled directly into the reservoirs using aquarium tubing 
and bubbling stones.  
 
Stream Water Chemistry  
DIC and dissolved organic carbon (DOC) were quantified using a Total Organic Carbon 
Analyzer (Aurora Model 1030, O-I Analytical, College Station, TX, USA). Typical standard 
deviation for repeated measures was 0.04 mmol C L-1 for DIC and 0.02 mmol C L-1 for DOC.  pH 
was measured at in situ temperatures with a pH meter (Accumet portable AP61, Fisher 
Scientific, Waltham, MA, USA) that was calibrated daily with three-point calibration. Typical 
standard deviation for repeated measures was 0.02 pH units. Alkalinity was measured by 
titration using a potentiometric end-point (pH = 4.5) with dilute sulfuric acid; typical standard 
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deviation was 0.7 mg L-1 CaCO3. Conductivity was measured at 25◦C using a Barnstead 
Conductivity Bridge (Model PM-70CB); typical standard deviation was 2.2 µS at 25◦C.  
 
Stream water pCO2 for the ambient and elevated CO2 treatments was calculated using 
the Excel macro CO2sys v2.1 (Pierrot et al., 2006).  Prior to using CO2sys, stream water 
chemistry data were obtained from the USGS for North Burt Lake, the lake into which the East 
Branch of the Maple River drains and the closest water body for which data were available 
(http://waterdata.usgs.gov/nwis, for Cheboygan County, 2010).  Ionic strength of the stream 
water was calculated to be 0.00526 using the equation I = ½ ∑mizi2 (Pilson, 2013), where mi is 
the concentration (moles/kg) of each ion and zi is the charge of each ion.  The equivalent 
salinity of the  stream water was determined from ionic strength and the relationship between 
ionic strength (I) and salinity (S) of seawater:  I = 19.924*S/(1000-1.005*S) and S=35 for 
seawater (Zeebe & Wolf-Gladrow, 2001).  The calculated stream water equivalent salinity of 
0.25 was used in CO2sys along with averages of measured temperature, DIC, and pH (NBS 
scale) to determine the average pCO2 of both the ambient stream water and the stream water 
that was subjected to our elevated CO2 treatment.  K1 and K2 constants were from Millero et al. 
(2006; valid at S=0-50). 
The calculated ambient stream water pCO2 was 2261 ppm and the calculated pCO2 for 
the elevated CO2 stream water was 3363 ppm.  The ambient stream water is thus 
supersaturated with respect to the atmosphere, and our elevated CO2 treatment increased the 
pCO2 supersaturation by 1102 ppm.   
 
Physical Measurements 
Four times per week, physical parameters were measured to ensure consistency 
between stream channels.  Temperature was measured in the water near the tiles using a 
handheld thermometer, recorded after one minute for each flume, and averaged by reservoir.  
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Typical standard deviation of repeated measurements on a sample was 0.2▫C.  Light was 
measured above the stream channels using a light meter (Traceable Dual-Range Light Meter 
92-3251-20, Control Company, Friendswood, TX, USA); light was measured after 10 s, low and
high values were recorded for each flume, and then average low measurements and average 
high measurements were calculated by reservoir. Water flow was measured regularly with a 
stopwatch and graduated cylinder, and adjusted as needed using valves at the head of each 
stream channel to ensure similar flow velocity between channels. 
Sample Collection 
Periphyton samples were collected from the stream channels into 15 mL centrifuge 
tubes by scrubbing tiles with a new brush and stream water that had been drawn through 0.2 
µm glass fiber filters.  Following scrapings, to ensure that all of the biomass was collected, the 
brushes were rinsed with filtered stream water into the centrifuge tubes until they were visibly 
clean.  Tile scrapings began one week after colonization and were collected on a weekly basis 
through the fifth week of the study.  From each stream channel, scrapings from four tiles 
selected from each quarter of the channel were combined into one sample, and total volume 
was used to normalize the samples.  From this total volume, samples were preserved for algal 
community composition analyses, as follows.  Biomass was determined by combining 3 mL of 
scraped periphyton samples from each of five stream channels into one sample per reservoir, 
for a total initial volume of 15 mL.  For elemental analysis of algal biomass, 3 mL of scraped 
periphyton samples were used.  Pigment analyses were conducted with a  high-performance 
liquid chromatograph (HPLC, as described in Saulnier-Talbot et al., 2014: Model 600/626 with a 
Photodiode Array 2996, a 2475 Multi λ Fluorescence detector and a refrigerated autosampler 
717, Waters Corporation, Milford, MA, USA).  Three mL of each sample were filtered through a 
0.2 µm glass fiber filter and frozen at -80◦C.  For pigment analyses conducted with a 
FluoroProbe (bbe Moldaenke, Kiel-Kronshagen, Germany), 3 mL of each sample were 
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concentrated via centrifugation and the resulting pellet was frozen at -80◦C.  Because of the 
relative dominance of diatoms in the stream system (Stelzer & Lamberti, 2001; Kociolek et al., 
2010), permanent diatom slides were prepared using 100 µL of the scraped periphyton 
samples, and fixed using the mounting medium Naphrax (RI=1.73; Brunel Microscopes Ltd, 
Chippenham, Wiltshire, UK).   
 
Periphyton Biomass 
Samples were placed in an oven at 105◦C overnight prior to measurement for dry mass 
and then in a muffle furnace at 550◦C overnight before ash mass measurements.  Ash mass 
was subtracted from dry mass to determine the ash-free dry mass, which is directly proportional 
to the organic content of the samples. To account for differences in starting volumes of each 
stream channel sample, a correction factor was applied to the biomass measurements and 
results were divided by the surface area of four tiles to produce results with units mg cm-2.   
 
Elemental Composition 
Elemental analysis of dried samples of periphyton biomass was determined for Weeks 2 
and 5. Carbon and nitrogen content of the biomass were measured using a CHN Analyzer 
(Elemental Analyzer Model 4010, Costech Analytical Technologies, Inc., Valencia, CA, USA ). 
Phosphorus content was measured using wet oxidation to liberate the phosphate from the 
organic matter and subsequently analyzed with a segmented flow analyzer (AA3, SEAL 
Analytical, Inc., Mequon, WI, USA; using Standard Methods 4500 P(F)) (American Public Health 
Association, 2007).  Percent compositions of C, N and P were converted to moles by multiplying 
by the respective atomic mass, and ratios of C:N:P were calculated and normalized to 
phosphorus. 
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Community Composition 
HPLC was used to measure photosynthetic pigments using samples from Week 4 
(Schluter et al., 2006; Sarmento & Descy, 2008b; Keatley et al., 2011). Pigments were extracted 
with acetone and relative pigment concentrations were used to quantify major taxonomic groups 
(primarily chlorophytes, diatoms, and cyanobacteria) using the CHEMTAX algorithm (Mackey et 
al., 1996) as implemented in R, using the package limSolve (Soetaert et al., 2009).  The 
reference pigment matrices for the CHEMTAX analysis were derived from existing matrices 
(Descy et al., 2000; Schluter et al., 2006; Sarmento & Descy, 2008a).  The technique did not 
distinguish between chlorophytes and euglenophytes nor between diatoms and chrysophytes; 
however, algal communities in the East Branch of the Maple River are dominated by 
chlorophytes and diatoms (Kociolek et al., 2010), so euglenophytes and chrysophytes were not 
expected to comprise a significant portion of the samples, and this was confirmed by 
microscopic examination. 
As a further means of measuring changes to major periphyton taxa, a FluoroProbe 
fluorometer was used to measure the frequency of major periphyton taxa, as a proportion of 
contribution to total chlorophyll a (Richardson et al., 2010; Low-Decarie et al., 2011).  The 
FluoroProbe was also used to quantify cyanobacterial proportions not well measured using the 
HPLC technique because the main water-soluble cyanobacteria pigments and their associated 
proteins (phycobiliproteins) dissolve poorly in acetone, which is used in the HPLC method to 
extract the pigments.  Accessory pigment fingerprints for each taxonomic periphyton group were 
calibrated with samples of known composition (Low-Decarie et al., 2011).  Preserved samples 
from Week 4 were re-suspended into 25 mL of deionized water and vortexed prior to analyses. 
Typical standard deviation of repeated measures on a sample was 3.1%. 
Diatom cells were counted and identified to genus to determine shifts in algal genera by 
treatment.  Using slides made from Week 4 samples, cells were counted and imaged using a 
Leica DM 4000B Microscope (Leica Microsystems, Inc., Buffalo Grove, IL, USA) at 40x and at 
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100x under oil immersion.  For each slide, 500 cells were counted and the field of view was 
completed to yield slightly more than 500 cells per slide.  Results are reported as relative 
frequency to compensate for the slight differences in total cells per slide.   
 
Statistical Analysis  
ANOVAs with repeated measures were used to determine differences in chemical and 
biological parameters between treatments (Gurevitch & Chester, 1986; Potvin et al., 1990; 
2009).  Flume measurements were averaged by reservoir and mean values for each reservoir 
were used in the ANOVAs. A general linear model was used in regression analyses.  For the 
diatom cell counts, a principal component analysis (PCA) was performed on arc-sin transformed 
relative frequency data to reduce the number of dimensions and allow analysis of the highly 
collinear relative frequency data.  A MANOVA was then performed on the two most important 
components representing >88% of the observed variance. 
 
Results 
Stream Channel Conditions  
Physical parameters were similar between artificial stream channels (Table 2.1) and 
between the stream channels and the East Branch of the Maple River (Table 2.2).  Temperature 
readings for the stream channels were not significantly different (F1,74 = 0.51, p=0.48).  Average 
temperatures in the ambient channels was 25.5 +/- 10.0 ▫C and 25.5 +/- 11.8 ▫C in the elevated.  
Temperatures increased during the course of the study; during Week 1, the average overall 
temperature was 20.7 +/- 0.35 ▫C and in Week 5, the average overall temperature was 27.4 +/- 
0.09 ▫C (Fig. S2.1). As shown in Table 2.2, temperature readings for the stream channels and 
the stream were similar, and light readings for the stream channels were within the range of the 
stream itself.   
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Stream Water Chemistry 
Dissolved inorganic carbon (DIC) was an average of 0.04 mmol C L-1 higher in the 
elevated CO2 treatment (F1,34 =77.24, p=0.01) and decreased over the duration of the 
experiment (Fig. 2.2A).  Average DIC in the ambient treatment was 2.35 +/- 0.05 mmol C L-1 and 
in the elevated treatment was 2.39 +/- 0.04 mmol C L-1. A comparison of measured DIC and 
DIC calculated using measured alkalinity and pH is included as Fig. S2.2. 
Average  dissolved organic carbon (DOC) was 0.97 +/- 0.04 mmol C L-1 in the ambient 
and 0.96 +/- 0.04 mmol C L-1 in the elevated treatments and was not significantly different 
between treatments (F1,34=1.40, p=0.36) (Fig.2.2B). DOC also decreased over time.  As shown 
in Fig. 2.2C, pH at in situ temperatures was consistently lower by an average of 0.2 units in the 
elevated CO2 treatment (F1,34=476.7, p=0.002) and increased over the five weeks of the 
experiment.  The average pH in the ambient treatment was 7.91+/- 0.25, while the average pH 
in the elevated treatment was 7.74 +/- 0.26 during the study.  Fig. 2.2 also shows the natural 
seasonal variability of stream water chemistry from the start of the experiment in June 2011 to 
the end in late July 2011.  The decreases in DIC and DOC evident in Fig 2.2A and 2.2B may 
have been impacted by rainfall (0.76 cm precipitation on July 5, 2011 and 1.09 cm precipitation 
on July 17, 2011, Site MI09) (National Atmospheric Deposition Program, 2013) or by upstream 
processes. 
The average alkalinity of the water was 144.3 +/- 3.0 mg L-1 CaCO3 (2.88 mEq L-1 HCO3) 
in the ambient treatment and 144.4 +/- 2.2 mg L-1 CaCO3 (2.88 mEq L-1 HCO3) in the elevated 
treatment; these measurements were not significantly different by treatment (F 1, 18 = 0.07, 
p=0.82) and remained consistent over the five weeks of the study (Fig. S2.1). The average 
conductivity of the water was 247.7 +/- 30.8 µS in the ambient treatment and 244.3 +/- 27.1 µS 
(both at 25◦C) in the elevated treatment; conductivity was not significantly different between the 
treatments (F1, 14 =11.09, p= 0.08) and increased over time (Fig. S2.1).  
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Periphyton Biomass 
Biomass was determined through dry mass (Fig. 2.3A) and ash-free dry mass (Fig. 
2.3B); neither was significantly different between CO2 treatments (Dry mass F1,18: 0.02, p=0.89; 
AFDM F1,14:0.05, p=0.85).  From Week 1 to Week 4, biomass, on average, increased by a factor 
of 15 for dry mass (Fig. 2.3A) and a factor of 13 for ash-free dry mass (Fig. 2.3B). The biomass 
subsequently decreased in Week 5.   
 
Elemental Composition 
The average C:N:P ratios of periphyton biomass were 68:5:1 for algal biomass from the 
ambient CO2 treatment and 66:5:1 for algal biomass from the elevated CO2 treatment.  The 
ratios were not significantly different between treatments (C:F1,6=4.21, p=0.11; N: F1,6=4.12, 
p=0.11). 
 
Community Composition  
To quantify changes to major algal taxonomic groups, algal accessory pigment ratios 
relative to chlorophyll a were quantified using HPLC.  Results using the pigment matrix from 
Sarmento and Descy (2008b) are shown in Fig. 2.4.  When other reference pigment matrices  
were used, results were similar (Descy et al., 2000; Schluter et al., 2006).  The samples 
contained diatoms, chlorophytes, cyanobacteria, and cryptophytes  but no statistical differences 
in accessory pigments were detected between CO2 treatments (F1,3 =2.99, p=0.38).  
Based on the FluoroProbe analysis, the ambient samples contained, as a percent of 
chlorophyll a, 53 +/5.8 % cyanobacteria, 33.8 +/- 5.5% diatoms and 13.3 +/- 1.4% chlorophytes.  
The composition of the elevated samples was nearly identical (53 +/- 0.9 % cyanobacteria, 34.5 
+/- 2.2% diatoms and 12.6 +/- 3.0% chlorophytes; Fig. 2.5).  A MANOVA was used to compare 
mean relative frequency data; algal taxa wer e not statistically different between treatments 
(F1,3=0.05, p=0.96).  
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Sixteen diatom genera were identified in the samples (Fig. 2.6) and most were found in 
both ambient and elevated treatments.  The exceptions were rare and insignificant given the 
overall number of cells counted (2036 total cells). Achnanthes and Fragilaria were the most 
abundant diatom genera in the samples.  No statistical differences were observed between the 
treatments, eliminating the need for multiple comparison testing (e.g., Bonferroni) correction.   
 
Discussion 
The East Branch of the Maple River flowing through the approximately 4,000 hectare 
University of Michigan Biological Station property has been well characterized over the last 
century (Fairchild, 1983; Lowe et al., 2010), and there have been numerous studies on impacts 
of elevated CO2 on allochthonous inputs (Tuchman et al., 2002; Rier et al., 2005; Kominoski et 
al., 2007).  This study, however, is the first study of elevated CO2 impacts to autochthonous 
inputs to the East Branch, and one of the few studies focused on mature benthic algal mats in a 
freshwater system.  The stream already has high levels of dissolved inorganic carbon, and it 
was unknown what effect, if any, elevated CO2 would have on stream chemistry and biology.  It 
was determined through this study that while some aspects of stream water chemistry were 
impacted by elevated CO2, stream benthic periphyton were more resistant to change than 
predicted and were not directly affected.   
 
Stream Water Chemistry  
There was a significant increase in DIC and a large decrease in pH in the elevated CO2 
treatment (Fig. 2.2); these results were consistent with expectations based on carbonate 
chemistry (Zeebe & Wolf-Gladrow, 2001; Pilson, 2013).  Even with the high levels of DIC 
frequently found in freshwater systems, periods of localized carbon limitation during peak 
productivity have been measured (Ibelings & Maberly, 1998; Finlay, 2003; Hargrave et al., 2009; 
Verschoor et al., 2013), and so it was postulated that CO2 enrichment might therefore impact 
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stream benthic algae during periods of high productivity, such as the summer period of this 
study. 
Elevated CO2 did not significantly impact stream water DOC, alkalinity or conductivity.  
DOC, which enters the stream largely through deciduous leaf litter, was not expected to be 
impacted by the additional CO2 bubbled into the stream channels during the five weeks of the 
study (Finlay, 2003; Kominoski et al., 2007).  With the additional DIC, there may have been an 
increase in DOC from algal photosynthesis, but the five week study period was perhaps not long 
enough for this to be measurable.  The added CO2 was not expected to impact alkalinity 
because CO2 is neutral in charge, and our results support this.  Likewise, added CO2 did not 
and was not expected to affect conductivity because the amount of added CO2 was small in 
comparison to background levels of DIC in the stream. 
 
Periphyton Biomass 
Algal biomass as determined through dry mass and ash-free dry mass did not 
significantly differ between treatments (Fig. 2.3).  The decrease in biomass following Week 4 
was likely due to sloughing that typically occurs after approximately four weeks of algal 
colonization and succession (Stevenson & Bahls, 1999; Stelzer & Lamberti, 2001).  This was 
contrary to expectations of a higher biomass under elevated CO2 conditions.  For example, Hu 
and Gao (2008) measured increased dry weight and increased specific growth rates in the 
freshwater diatom Nitzschia palea Kützing under elevated CO2 (700 ppm).  In another study, 
biomass of the cyanobacterium Anabaena fertilissima increased under elevated CO2 (600 – 
60,000 ppm) (Chinnasamy et al., 2009). 
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Elemental Composition 
Similarly, C:N:P ratios of periphyton biomass did not differ by CO2 treatment.  The 
average C:N:P ratios of periphyton biomass from the ambient treatment was 68:5:1 and in the 
elevated treatment was 66:5:1; thus, there was approximately 13.5 times more carbon than 
nitrogen in the periphyton biomass.  This is more than 1.5 times the molar C:N ratio of 
freshwater benthic algae when nutrients are at optimal levels (158:18:1 C:N:P) (Kahlert, 1998), 
and twice as high as the C:N ratio (6.6) predicted from the Redfield ratio for marine 
phytoplankton (106:16:1 C:N:P) (Redfield, 1958). 
While it was expected that higher C:N:P ratios would have occurred under elevated CO2 
conditions (Hargrave et al., 2009; Verschoor et al., 2013), it is likely that other nutrients, such as 
nitrogen and phosphorus, were limiting, primarily because the East Branch flows through the 
UMBS property, and is relatively protected from nitrogen and phosphorus additions through 
runoff.  Several studies at UMBS have indeed suggested that nitrogen and phosphorus are 
limiting in the East Branch of the Maple River.  Stelzer and Lamberti‘s 2001 study found that 
algal community structure and the relative abundance of nine of the eleven most common algal 
taxa were affected by changes in total nutrient concentration and/or N:P ratios.  They also found 
that periphyton N:P tracked stream water N:P and that periphyton biomass was stimulated by 
added nitrogen during early colonization.  Additionally, Stevenson et al. (2006) found a positive 
correlation between algal biomass and nutrient availability and indicated that N and P may have 
been limiting, and Pan and Lowe (1994) found phosphorus to be limiting to periphyton growth.  
The elevated CO2 treatment used in this study may therefore have been inconsequential for 
fertilizing periphyton growth in this nutrient-limited, carbon-rich stream.  
 
Community Composition  
We predicted that CO2 enrichment would have different impacts among algal taxa and 
that those better able to utilize the excess CO2 would out-compete others.  However, there was 
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no statistical difference in major algal taxa as determined by measuring algal accessory 
pigments (Fig. 2.4 and 2.5) Though results were not statistically different, the proportion of 
chlorophytes was slightly higher in the elevated treatment and the proportion of diatoms was 
slightly higher in the ambient treatment, consistent with a previous study of cultured 
phytoplankton (Low-Decarie et al., 2011).   Stelzer and Lamberti (2001) did not detect changes 
in algal taxonomic groups with varied nitrogen and phosphorus concentrations and attributed 
this lack of change, in part, to relatively high SiO2 in the East Branch that may have favored 
diatoms despite varied nutrient concentrations.  To measure changes to diatom community 
composition, diatoms were quantified by genus and similarly did not differ by CO2 treatment 
(Fig. 2.6).   
 
Other Impacts  
While stream water chemistry was significantly impacted by the addition of CO2 (Fig. 
2.2), benthic algae were more resilient than initially expected and were not impacted by CO2 
enrichment.  Because riparian systems frequently experience environmental variability, it is 
likely that they are naturally tolerant of and resilient to environmental fluctuations (Seavy et al., 
2009; Weyhenmeyer et al., 2012).  Further, while benthic periphyton biofilms  in lotic systems 
are subjected to the nutrient and chemical dynamics of the water column, and were therefore 
expected to be sensitive to changes in CO2 concentration and pH (Liehr et al., 1988), the 
periphyton mat dynamics may have buffered algal response to the elevated CO2.  Periphyton 
mats buffer environmental variability through sequestration of nutrients (Havens et al., 1999; 
Sabater et al., 2002; Daoust & Childers, 2004), through increased nutrient cycling (Steinman et 
al., 1992; Sabater et al., 2002; Scott & Doyle, 2006), and through pH mediation (Liehr et al., 
1988; Jones et al., 2000).  Thus, periphyton mat nutrient dynamics may have maintained 
chemical consistency within the mat, and coupled with CO2 from heterotrophic respiration within 
the mat, may have negated the effects of a moderate shift in CO2 outside of the mat.   
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There is also the possibility that the stream water chemistry changes resulted in indirect 
physiological or community impacts that were not measured.  In other studies, physiological 
acclimation to elevated CO2 conditions was measured through lower RubisCO content 
(Spijkerman, 2008), decreased carbonic anhydrase activity (Xia & Gao, 2005), and a down-
regulation or lack of carbon concentrating mechanisms in acidophilic alga (Spijkerman, 2008; 
Diaz & Maberly, 2009).  A change in algal community composition may thus occur under long-
term elevated CO2 conditions, as algal species able to utilize more energy for growth are able to 
out-compete others that devote energy to pH regulation and inorganic carbon acquisition.   
Conclusions 
This study provided insight into elevated atmospheric CO2 effects on a temperate, 
tannin-rich, third-order stream.  It is one of the few studies measuring the direct impacts of 
elevated CO2 on intact mature periphyton mats. CO2 additions increased the DIC and 
decreased the pH of the stream.  Such changes to stream water chemistry may impact the 
biology of the stream, although periphyton, as measured through biomass, elemental 
composition, and community composition, were more resilient than initially predicted, possibly 
due to nutrient and pH buffering within the periphyton mat itself.  It is also possible that any 
differences that existed were too small to discern given the methods used and the number of 
replicates in this study.  Future studies using a longer exposure time may improve 
understanding of long-term impacts from elevated CO2 and consequent acidification.  
Additionally, studies with elevated CO2 and nutrient additions would also be useful to measure 
algal community response to CO2 enrichment when nitrogen and phosphorus are not limiting.  
Freshwater impacts from elevated atmospheric CO2, may initially and predominantly 
result from changes in terrestrial inputs (Tuchman et al., 2002; Rier et al., 2005; Kelly et al., 
2010) rather than from impacts through benthic photosynthesis.  However, freshwater systems 
tend to be highly variable in pCO2, depending in part on size, depth and temperature of the 
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water body (Weyhenmeyer et al., 2012), thus, further studies are needed to determine the full 
spectrum of likely impacts of elevated atmospheric CO2 on the freshwater biome.   
 
Acknowledgements 
This work was funded by the University of South Florida Integrative Biology Department, 
the Biosphere Atmosphere Research and Training Program (BART) funded by the National 
Science Foundation through the University of Michigan, and the University of Michigan 
Biological Station.  We thank Robert H. Byrne for his generosity in sharing his expertise to assist 
with methods development and with CO2 chemistry calculations, Michael Grant, for his 
analytical chemistry expertise, Robert Vande Kopple for his biological knowledge of the Maple 
River and Troy Keller, for guidance at the Stream Research Facility. We thank Rex L. Lowe and 
Patrick Kociolek for sharing algal identification materials specific to the region. We thank René 
Gregory-Eaves, McGill University, for use of the Fluoroprobe and HPLC, Thomas L. Crisman, 
University of South Florida, for use of the Leica microscope, and Peter R. Girguis, Harvard 
University, for loaning us GFC Mass Flow Controllers, which were valuable during methods 
development.  We also thank Michael S. Brown for assistance throughout this project, and 
Madison Brown and Morgan Gmytruk for assistance in the field.   
30	
	
Tables and Figures 
Table 2.1: Temperature and light in stream channels by CO2 treatment, averaged by reservoir.  
Light readings are provided as average Low and average High to show the range of conditions.  
    Elevated 1 
Elevated 
2 
Ambient 
1 
Ambient 
2 
Week 1 
T (▫C) 20.6 20.7 21.2 20.4 
Low (lux)  36067 37567 37200 36767 
High (lux) 40700 40000 41733 40333 
Week 2 
T (▫C) 25.2 24.4 24.7 24.8 
Low (lux)  78460 82240 75380 73140 
High (lux) 85440 87160 85780 80560 
Week 3 
T (▫C) 24.9 25.3 25.4 25 
Low (lux)  37633 37900 38200 67767 
High (lux) 59033 42833 43200 74600 
Week 4 
T (▫C) 27.9 27.8 28.4 28.7 
Low (lux)  91333 93267 94000 94267 
High (lux) 98433 98133 101067 99900 
Week 5 
T (▫C) 27.4 27.4 27.3 27.5 
Low (lux)  75050 75100 77375 77900 
High (lux) 80550 80650 84100 82650 
 
Table 2.2: Comparison between temperature and light measurements in stream channels and 
the stream itself.  Measurements were taken on one day, 26 July 2011 during Week 5; note that 
values are different than in Table 2.1, which provides averages for each week. 
  Elevated 1 
Elevated 
2 
Ambient 
1 
Ambient 
2 
Stream 
Average Stream Range 
T (▫C) 25.6 25.7 25.7 25.7 24.9 24.5 - 25.2 
Light 
(lux) 106750 103850 103750 104000 78600 
25,700 - 
131,500 
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Fig. 2.1: Flow-through system at the Stream Research Facility of the University of Michigan 
Biological Station.  Stream water from the East Branch of the Maple River was pumped into 
reservoirs and then into rain gutters that served as artificial stream channels.  Pure CO2 was 
bubbled into two of the reservoirs to generate pH and DIC concentrations corresponding to 
equilibration with an atmosphere of 585 ppm CO2; the ambient treatment consisted of two 
reservoirs of stream water without added CO2.  
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Fig. 2.2: Response of stream water chemistry to CO2 treatment over time: dissolved inorganic 
carbon (DIC) (A), dissolved organic carbon (DOC) (B), and pH (C). Mean values by reservoir 
are presented, and the fit lines pass through the means for each treatment.  Open symbols and 
dashed lines are from flumes from elevated CO2 treatment reservoirs and closed symbols and 
solid lines are from flumes from ambient CO2 treatment reservoirs. 
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Fig. 2.3: Biomass by dry mass (A) and ash-free dry mass (organic content) (B).  Stream channel 
samples were pooled into one sample per reservoir.  Local regression (LOESS fit) curves are 
represented by solid lines.  Open symbols and dashed lines are from flumes from elevated CO2 
treatment reservoirs and closed symbols and solid lines are from flumes from ambient CO2 
treatment reservoirs. 
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Fig. 2.4: Frequency of major algal group determined by quantifying accessory pigment 
concentrations relative to chlorophyll a using high-performance liquid chromatography (HPLC).  
Mean values by reservoir are presented from Week 4 samples.  Boxes are first and third 
quartiles, midlines are the medians, and whiskers are minimum and maximum values.  Shaded 
boxes with dashed lines are from flumes from elevated CO2 treatment reservoirs and open 
boxes with solid lines are from flumes from ambient CO2 treatment reservoirs. 
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Fig. 2.5: Algal quantification by major group via FluoroProbe measurement of diagnostic 
accessory pigments.  Boxes are first and third quartiles, midlines are the means, and whiskers 
are minimum and maximum values.  Shaded boxes with dashed lines are from flumes from 
elevated CO2 treatment reservoirs and open boxes with solid lines are from flumes from ambient 
CO2 treatment reservoirs.  Data presented are from Week 4 samples. 
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Fig. 2.6: Diatom cell counts by microscopy.  Diatom cells were counted and identified to genus 
to determine shifts in algal genera by treatment.  Boxes are first and third quartiles, midlines are 
the medians, and whiskers are minimum and maximum values.  Shaded boxes with dashed 
lines are from flumes from elevated CO2 treatment reservoirs and open boxes with solid lines 
are from flumes from ambient CO2 treatment reservoirs.  Data presented are from Week 4 
samples. 
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Supplemental Figures 
 
Fig. S2.1: Stream water parameters over time.  Measurements from the elevated CO2 treatment 
are in red and from the ambient in blue. Solid lines are alkalinity measurements, dashed lines 
are conductivity measurements, and dotted lines are temperature measurements. 
 
 
Fig. S2.2: Comparison of measured dissolved inorganic carbon (DIC) and calculated DIC using 
measured alkalinity and pH. Measurements from the elevated CO2 treatment are in red and 
from the ambient treatment in blue.  Solid lines represent calculated values and dotted lines 
represent measured values. 
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A meta-analysis of freshwater microalgal response to elevated CO2 
Authors: Terry-René W. Brown, Marc J. Lajeunesse, Kathleen M. Scott 
 
Abstract 
 Atmospheric CO2 concentrations have increased considerably in the industrial era, 
largely due to fossil fuel combustion.  The atmospheric increases affect marine and freshwater 
chemistry, which has varied effects on aquatic organisms.  Microalgae are primary producers in 
aquatic systems and often experience increased growth and photosynthesis under elevated 
CO2 conditions.  They are at the base of food webs so impacts to microalgae may have 
ramifications at other trophic levels.  Effects of elevated CO2 on freshwater systems in particular 
are relatively understudied yet are important to ascertain for adaptive management purposes.  
We conducted a meta-analysis of elevated CO2 effects on freshwater microalgae, focusing on 
growth, photosynthesis, nutrient uptake and impact on herbivore consumers.  We also analyzed 
chemical response and differences in methodological approaches.  Overall, freshwater 
microalgae experienced an increase in growth, photosynthesis and nutrient uptake under 
elevated CO2 conditions.  There were significant increases in growth medium acidity and 
dissolved inorganic carbon, but consumer response was not significant overall.  Photosynthesis 
responses were positive with increasing phosphate and magnitude of CO2 elevation and 
negative with increasing nitrogen.  No differences in elevated CO2 responses were observed 
based on experimental parameters such as CO2 delivery method, light duration, mesocosm 
size, temperature, study duration, and starting pH.  Our findings illustrate that freshwater 
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microalgae are impacted by elevated CO2, though in varied ways.  There is a need for additional 
studies on freshwater algal response to elevated CO2 and on the interactions of elevated CO2 
and nutrient levels. 
 
Introduction  
Since pre-industrial times, concentrations of atmospheric carbon dioxide have increased 
from approximately 280 ppm to over 400 ppm and ice cores now show the highest levels 
observed over the past 800,000 years (Intergovernmental Panel on Climate Change [IPCC] 
2013). These higher concentrations are attributed to increases in CO2 emissions primarily from 
fossil fuel combustion, but also from cement production, and deforestation and other land use 
changes.  Deforestation and forest degradation also result in decreased carbon sequestration, 
further exacerbating the problem.  CO2 and other greenhouse gases trap incoming solar 
radiation and reduce the amount that is reradiated to the atmosphere, resulting in an increase in 
global average land and ocean temperatures (IPCC 2013).   
In addition to affecting global temperatures, CO2 itself impacts aquatic systems.  The ocean 
is absorbing increasing CO2 from the atmosphere, with resulting acidification caused by the 
formation of carbonic acid (H2CO3) that rapidly deprotonates, forming HCO3- and releasing 
hydrogen ions.  Based on IPCC greenhouse gas trajectories, by the end of the century the pH of 
the ocean will have decreased by an additional 0.06 – 0.32 pH units relative to current values 
(best- and worst-case scenarios, respectively; IPCC 2014).  The increase in dissolved inorganic 
carbon (DIC = CO2 + HCO3- +CO32-) and decrease in pH affect calcifying organisms in a myriad 
of ways.  Shell thickness decreases in pteropods and foraminifera, and some corals experience 
decreased growth rates (IPCC, 2014).  In a meta-analysis of 107 studies that measured 
biological response of marine organisms to acidification and/or warming, overall, calcification, 
reproduction and survival were negatively affected by acidification and were more negatively 
affected by the combined effects of acidification and warming (Harvey et al., 2013).  Specific 
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responses by taxonomic groups varied somewhat but mollusks experienced decreased growth, 
calcification, reproduction and survival from acidification and/or by the combined effects of 
acidification and warming.  Corals were negatively affected by acidification in terms of growth, 
calcification, photosynthesis, and survival.  Calcifying algae and phytoplankton experienced 
decreased growth due to acidification, but acidification and the combined effects of acidification 
and warming increased photosynthesis in phytoplankton. In another meta-analysis of 23 studies 
of acidification effects on planktonic coccolithophores, calcification rates decreased overall with 
increasing acidity in two prolific species, but there was some variation in response depending on 
the species and strain studied (Meyer & Riebesell, 2015). Thus, acidification will impact marine 
taxa; however, effects will be varied, even at the level of strain, complicating predictions of 
impacts from changing marine carbonate chemistry on oceanic species. 
Freshwater systems have garnered less attention than marine systems in terms of DIC 
effects, but there are trends evident from the work done to date.  Ambient CO2 levels vary 
considerably in freshwater systems, ranging from systems that are DIC-limited or have localized 
or seasonal DIC limitations (e.g., Finlay, 2003; Urabe et al., 2003; Hargrave et al., 2009) to 
systems that are rich in carbon with some even supersaturated with respect to the atmosphere 
(e.g., Cole et al., 1994; Sobrino et al., 2009; D'Amario & Xenopoulos, 2015).  This variation is 
affected, in part, by the amount and source of DIC entering the system, or the balance between 
autotrophy and heterotrophy.  Systems in which the primary inputs of carbon are due to 
autochthonous inorganic carbon fixation from photosynthesis often have relatively low 
concentrations of DIC and periods of DIC limitation during peak productivity; whereas, in 
systems with high terrestrial inputs of inorganic and organic carbon such as from groundwater 
and forest cover, microbial decomposition contributes more DIC to the system than 
autochthonous photosynthesis can consume, and this often leads to CO2 supersaturation 
relative to the atmosphere (Hasler et al., 2016). Freshwater DIC concentrations can also 
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depend on the size of the water body; for example, larger lakes typically have longer residence 
times and are closer to atmospheric equilibrium than smaller lakes (Hasler et al., 2016). With 
such variations in freshwater DIC dynamics, it is not well understood nor easily predictable how 
freshwater systems will respond to long-term increases in atmospheric CO2 (Cole et al., 2007; 
Song et al., 2014).   
Microalgae are often studied as predictors of CO2 impacts to freshwater ecosystems, 
particularly those dominated by autotrophy in which they are the key contributors of organic 
carbon inputs.  While their response to elevated CO2 can vary, there have been measured 
increases in growth and primary productivity rates.  For example, the cyanobacterium Anabaena 
fertilissima increased in biomass and chlorophyll a with increasing CO2 concentrations up to 6% 
(Chinnasamy et al., 2009).  Microcystis aeruginosa, a bloom-forming cyanobacterium, 
experienced a 52-77% increase in growth when twice-ambient CO2 was provided to the bottom 
or surface of cultures, respectively (Qiu & Gao, 2002).   In western Quebec, lake CO2 
concentrations explained 12.5% of the variation in paleolimnological diatom community 
assemblages despite similarities in chemistry and proximity (Philibert & Prairie, 2002).    
Increases in microalgal growth and photosynthesis in response to increased CO2 may be 
especially pronounced when coupled with high nutrient levels (Low-Decarie et al., 2014; Hasler 
et al., 2016). For example, when Euglena gracilis was subjected to an elevated CO2 treatment, 
cell density increased and there was a greater depletion of nitrogen and phosphate from the 
growth medium, indicating higher nutrient uptake (Shikano & Kawabata, 2000).  Similarly, when 
the invasive cyanobacteria Microcystis aeruginosa was exposed to elevated CO2 
concentrations, biomass and cell density increases resulted in greater depletion of growth 
medium nitrogen (Sandrini et al., 2015a).  Similar observations have been made for 
cyanobacterium Cylindrospermopsis raciborskii when phosphorus was also high (Wu et al., 
2012).   
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Impacts to microalgae are also expected to affect algal consumers and result in 
consequences at higher trophic levels, though responses vary.  For example, elevated CO2 
increased algal primary productivity in a natural algal assemblage, which resulted in higher 
biomass, density and individual size of grazers (chironomids, or non-biting midges) despite 
lower algal nutritional quality (Hargrave et al., 2009). Conversely, growth rates were reduced in 
grazers (Daphnia pulicaria) that consumed algae grown under elevated CO2 , because of lower 
algal nutritional quality (Urabe et al., 2003). Consumers may also be affected by an increase in 
algal toxins that may be produced in greater quantity by algae subjected to CO2 enrichment 
(Van de Waal et al., 2009; Sandrini et al., 2015a). 
A meta-analysis of studies to date would help elucidate overall effects of elevated CO2 on 
freshwater microalgae in terms of growth, photosynthesis, nutrient uptake and effects on algal 
consumers.  A research synthesis would also help identify system vulnerabilities and areas 
worthy of further study, and help to determine if results are impacted by noteworthy differences 
in study designs, such as in CO2 delivery (i.e., aeration above or sparging within cultures), in 
length of studies, in nutrient levels, and in temperature and design size.   
We conducted a meta-analysis of elevated CO2 effects on freshwater microalgae to draw 
conclusions from results to-date to help shape management and policy decisions and to inform 
future research efforts.  We selected papers with elevated CO2 levels less than or equal to 
2,000 ppm because we were attempting to determine the likely response of freshwater 
microalgae to future atmospheric conditions and thus chose levels that were reasonable to 
expect in the future.  We exceeded IPCC’s worst case scenario for the end of the century 
(approximately 1,000 ppm; IPCC 2000) because many freshwater systems are supersaturated 
with respect to the atmosphere.  For example, in a study of 1,835 lakes from around the world, 
87% were supersaturated in CO2 with respect to the atmosphere and the average pCO2 was 
1036 ppm (Cole et al., 1994); we chose to double this average pCO2 to ensure we included 
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elevated CO2 levels that might resemble those resulting from the interaction of supersaturated 
freshwater systems with elevated atmospheric CO2 concentrations.   
In this meta-analysis, we quantified changes in freshwater chemistry as a result of CO2 
enrichment and tested the hypotheses that elevated CO2 would: 1) increase microalgal growth; 
2) increase the rates of photosynthesis and carbon fixation; 3) increase microalgal nitrogen and
phosphate uptake and 4) reduce the growth of algal consumers from indirect effects of 
diminished algal food quality and an increase in algal toxins.  We also tested methodological 
variables to determine if microalgae respond differently to CO2 enrichment depending on 
experimental and culture conditions.   
Material and Methods 
Literature Search 
ISI Web of Science was used to search the primary literature using the following search 
terms:  (Elevated OR enrichment) AND (CO2 OR carbon dioxide) AND aquatic AND (alga*, 
microb*, microo*, microalga*, cyano*, diatom* OR phytoplankton) AND (freshwater OR 
wetland).  This search covered papers through December 2015 and yielded 358 papers.   
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Criteria for Inclusion 
Papers were manually sorted by title and abstract to identify those that indeed measured 
the effects of elevated CO2 on freshwater microalgae, were primary literature, and met the 
following criteria:  
1. Elevated CO2 level(s) was/were reported and were less than or equal to 2,000 ppm. 
This excluded studies with very high CO2 levels such as those pertaining to biofuel 
production because we were focused on studies simulating future atmospheric 
conditions and their effects on natural freshwater systems;  
2. Means, variance and sample sizes were reported or obtainable from figures; and 
3. They focused on the categorical hypotheses being tested, i.e., microalgal growth 
response, carbon uptake and photosynthetic parameters, and algal nutrient uptake.  
There were a number of studies with unique characteristics that were considered and 
ultimately included. While many studies were conducted using one cultured algal species, we 
included studies of mixed cultures and identified the number of species used when known; 
when studies involved mixed species from natural assemblages collected from the field, species 
numbers were unknown and this was noted. We included studies with repeated measures such 
as those using chemostats with different conditions in each or those involving cyanobacterial 
blooms subjected to different levels of CO2, provided the other criteria were met.  
The following types of studies were excluded due to difficulties in quantifying the levels 
of CO2 to which the algae were subjected.  Studies involving multiple levels of CO2 such as 
reciprocal transplants in which algae were initially grown under ambient or elevated CO2 
conditions and then subjected to the opposite CO2 conditions were excluded. We excluded 
studies involving algal competition response because they were difficult to compare given the 
many variations between these types of studies. We excluded data sets within included studies 
that quantified gene transcript levels, such as genes involved in cyanotoxin biosynthesis or 
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carbon-concentrating mechanisms because there were too few studies for comparison and the 
data did not directly address one of our hypotheses.  We excluded studies of lakes with natural 
variations in CO2 concentrations, because there were likely other variations in the lakes, thereby 
making isolation of CO2 effects difficult.  Based on these inclusion and exclusion criteria, we 
included a total of 22 papers.   
 
Data Extraction 
When provided or obtainable from references, data extracted included:  algae collection 
details (such as location, water flow conditions (lentic or lotic), season, year), experimental 
conditions (such as lab or field, mesocosm size, open or closed system (e.g., chemostats are 
open and flasks are closed), CO2 delivery method (sparging in the cultures or aeration above 
the cultures), duration of experiment, light level and light cycle (hours on and off)), and culture 
conditions (such as nitrogen and phosphate levels, starting pH, algal type (primarily 
cyanobacteria, green, diatoms or a combination), number of algal species used, whether they 
were planktonic, benthic or from wetland soil, and whether they were reported as bloom-forming 
(Supplemental Table 3.1).  If algal collection details were not reported, culture collections were 
consulted when identified.  Likewise, growth media recipes were consulted for details on 
nitrogen, phosphate and pH when not reported; elemental nitrogen and phosphate levels were 
calculated from culture media recipes when not provided directly. Algal taxonomy was obtained 
from Algaebase (Guiry & Guiry, 2016).  
Elevated CO2 effects were recorded in response categories:  
1) Chemistry - Water acidity and other water chemistry parameters (including DIC and its 
component species of CO2, HCO3- and CO32-, DOC); and  
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2) Growth - Algal growth (including biomass, chlorophyll a as a proxy for biomass, growth 
rate, cell density, cell volume); 
3) Photosynthesis - Carbon uptake and photosynthetic parameters (including oxygen 
evolution rate and measures of photosynthetic rates and efficiency);  
4) Nutrients - Algal stoichiometry (C:N and C:P of the biomass) and nitrogen and 
phosphate uptake (reported as depletion from the growth media); 
5) Algal consumers - Effects on other trophic levels (including consumer growth response 
and algal toxin production). 
Means, variances and sample sizes were recorded when provided or were measured using 
ImageJ software and the Figure Calibration Plugin (Rasband, 2015).  In cases in which means, 
variances and sample sizes were not reported but data were available, all data points were 
measured and means, variances and sample sizes were calculated.  When measurements were 
taken over time, maximum values were recorded.  If pH was reported as a range, an average 
value was used.   
When given a choice, we tended toward the more conservative approach.  For example, if 
error bars in figures were ambiguous due to overlap, the larger of possible error bars were used 
(e.g., Fig. 2d in Sandrini et al., 2015a).  Also, if the same data were seemingly included in both 
figures and tables, we used the more inclusive data set and avoided double-counting results 
(e.g., Wu et al., 2012).   
 
Data Analysis  
Study outcomes were estimated as the standardized mean differences between 
elevated CO2 manipulations and ambient CO2 treatments using the effect size metric Hedges’ d 
(Hedges, 1981): 
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where x1 and x2 are the mean value of a measured parameter when the system is 
subjected to two conditions, n1 and n2 are the sample sizes, and s1 and s2 are the standard 
deviations.  Hedges' d estimates the magnitude and direction of the effect size in units of 
standard deviations; positive Hedges’ d effect sizes indicate a positive effect due to CO2 
elevation, whereas negative values indicate a decrease in effect relative to ambient treatment 
levels.  Studies reporting only t-tests and not the raw study outcomes required for computation 
of  Hedges’ d (e.g., means, standard deviations, and sample sizes for each elevated and 
ambient groups) were converted to Hedges’ d following Lajeunesse (2013b); only 1% of all 
effect sizes were derived from these conversions (4 of 372 effect sizes).  Random-effects meta-
analyses and meta-regressions were performed in R using the packages metaphor 
(Viechtbauer, 2010; v. 1.9.2) and metagear (Lajeunesse, 2016; v. 0.3).  All analyses were based 
on the rm.mv function of metafor parameterized with maximum likelihood estimators for the 
between-study variance (a requirement for random-effects models) and an additional random 
factor that modeled the potential over-representation of multiple effects derived from a single 
study.  Between-group Q-tests (Qb) were used to assess differences among moderator 
variables (pooled effect sizes within groups) with more than two subgroupings (similar to an F-
test arising from an ANOVA; Hedges & Olkin, 1985), and z-tests were used to assess whether 
moderator groups with two subgroups or continuous predictors were significantly non-zero 
(similar to a t-test; Lajeunesse, 2013a). 
  
53	
	
Results and Discussion 
Overall Effect 
 A total of 372 effect sizes were calculated from 22 papers published between 1998 and 
2015.  Responses to elevated CO2 treatment were categorized into four main response classes 
and all responses were significant (Fig. 3.1a).  Major classes of responses to elevated CO2 
differed (Qb = 16.8, d.f. = 3, p < 0.001), so all analyses forward were performed separately 
among these major groups.  
Each of the four main response classes was further divided into two subgroups (Fig. 
3.1b), and these groups differed from one another in aggregate (Qb = 53.2, d.f. = 7, p < 0.001).  
Hedges’ d values among subgroups within Chemistry or Photosynthesis did not differ from each 
other (Chemistry: z-test = -0.71, d.f. = 1, p = 0.47; Photosynthesis: z-test = -1.32, d.f. = 1,  p = 
0.19).  There were significant differences among nutrient types (z-test = -2.28, d.f. = 1,  p = 
0.03) and among growth types (z-test = 5.33, d.f. = 1,  p < 0.001).  Therefore, because water 
chemistry types were relatively homogeneous, we chose to combine them, as well as both 
photosynthesis class types, for further moderator analyses (Hedges & Olkin 1986).  The two 
nutrient types were not combined; furthermore, only stoichiometry of algal biomass had enough 
effect sizes for further assessment of moderator variables.  Likewise the two growth types were 
not combined and only studies focusing on microalgae were further analyzed.   
 
Water Chemistry 
The data we obtained on freshwater chemical changes as a result of CO2 enrichment 
primarily were measurements of acidity and DIC concentrations (in total or its component 
carbon species).  CO2 treatment had a significant effect on water chemistry such that both 
acidity and DIC concentrations increased with CO2 enrichment (Fig. 3.1).  These results parallel 
chemical response to elevated CO2 in marine systems, but are perhaps surprising considering 
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the tremendous chemical diversity (e.g., ionic composition, ambient pH, and ambient DIC 
concentrations) found in freshwater systems   Some freshwater systems are less well-buffered 
than seawater, though, so changes in pH would not be unexpected.  
Within the Water Chemistry class, we ran meta-regressions for a variety of predictors to 
determine which, if any, contributed to the variation in effect size.  There was a significant 
positive relationship with the magnitude of CO2 elevation (slope = 0.010, SE = 0.003, z-test = 
3.69 d.f.=52, p = 0.002) (Figure 3.2); this indicates that with higher levels of CO2 enrichment, 
there was a greater chemical response in terms of acidity and DIC concentration.  The other 
predicators analyzed, including duration of the experiment, mesocosm design size, temperature, 
pH at the start of the experiment, and nitrogen and phosphate levels, did not significantly 
contribute to the variation in effect size for Water Chemistry (Supplemental Table 1).   
Growth 
To test the hypothesis that elevated CO2 would increase microalgal growth, we 
calculated 84 effect sizes pertaining to various measures of microalgal growth, including 
biomass, growth rate, cell density, chlorophyll a concentrations, and cell volume.  As shown in 
Fig. 3.1b, CO2 enrichment resulted in a significant increase in growth of microalgae.  There was 
a significant difference between growth of microalgae and their algal consumers, which is 
discussed below. 
While overall microalgal growth increased with elevated CO2 treatment, the response 
varied somewhat perhaps due to species-specific or condition-specific differences that we did 
not yet measure.  For example, biomass and chlorophyll a increased in Anabaena fertilissima 
cultures (Chinnasamy et al., 2009) and cell density and chlorophyll a levels increased in 
Euglena gracilis (Shikano & Kawabata, 2000) subjected to elevated CO2 levels, but chlorophyll 
a decreased in a natural algal assemblage (Song et al., 2014) and the growth rate of 
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Chlamydomonas reinhardtii (Yang et al., 2001) did not change under elevated CO2.  However, 
despite these variations, overall microalgal growth response increased with CO2 enrichment. 
Of ecologic and economic concern is that measures of microalgal growth increases 
included increases in bloom-forming species.  In Microcystis  aeruginosa, there were observed 
increases in biomass, cell abundance and chlorophyll a (Sandrini et al., 2015a), increases in 
growth by 52-77% under doubled CO2 (Qiu & Gao, 2002), and increases in population density in 
six strains subjected to elevated CO2 levels (Sandrini et al., 2015b).  In another invasive, bloom-
forming cyanobacterium, Cylindrospermopsis raciborskii, cell division rate and cell biovolume 
(Pierangelini et al., 2014) and growth rate and chlorophyll a concentrations increased (Wu et al., 
2012) under elevated CO2 conditions. 
 As with Water Chemistry, we ran meta-regressions within the Growth class for 
microalgae to determine if specific predictors explained some of the variation in effect size.  The 
predictors we tested did not significantly explain elevated CO2 effects (Supplemental Table 1). 
 
Photosynthesis 
 As shown in Fig. 3.1a, elevated CO2 had an overall significant and positive impact on 
photosynthesis.  Photosynthesis was measured as carbon uptake and fixation and other 
photosynthetic parameters (such as oxygen evolution, photosynthetic rate, and photosynthetic 
efficiency).  There were no differences between photosynthesis subcategories of carbon uptake 
and other photosynthetic parameters (Fig. 3.1b) so these subcategories were combined for 
further analyses. 
 Meta-regressions were run to determine if the predictors explained heterogeneity in 
Hedges’ d.  There was a significant negative relationship with nitrogen levels (slope = -1.1, SE = 
0.6, z-test = -2.0, d.f.=133, p = 0.05) (Fig. 3.3a), such that when nitrogen levels increased, a 
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decrease in elevated CO2 effects on photosynthesis was apparent.  In lake systems, nitrogen is 
generally not limiting because of the high rate of nitrogen fixation by cyanobacteria (Falkowski & 
Raven, 1997), so perhaps nitrogen provided in growth medium and in freshwater in the field 
provide adequate nitrogen for microalgal photosynthesis and higher levels are toxic or otherwise 
detrimental.  It is also possible that in the studies included in the meta-analysis, other factors 
were limiting, such as phosphate, another nutrient, or light.  More research is needed to 
determine photosynthesis response to coupled DIC and nitrogen levels.  
Further, as shown in Fig.3.3b, there was a significant positive relationship with 
phosphate levels (slope = 0.69, SE = 0.23, z-test = 2.96, d.f.=133, p = 0.003).  This means that 
phosphate level helps predict increased effects on photosynthesis due to CO2 elevation, with 
greater effects due to CO2 when phosphate level is increased.  Similarly, an increase in 
photosynthetic carbon uptake was measured in a natural algal assemblage when phosphorus 
was also high (Song et al., 2014).  This is likely due to a decrease in phosphorus-limitation, 
which is common in freshwater systems (Borchardt, 1996; Falkowski & Raven, 1997). 
There was a significant negative relationship with the magnitude of CO2 elevation on the 
photosynthesis response from CO2 enrichment (slope = 0.006, SE = 0.003, z-test = -1.963, 
d.f.=133, p = 0.049) (Fig. 3.3c).  With a greater increase in elevated over ambient CO2, there
was a decrease in photosynthesis effect size.  This could be from an associated decrease in pH 
(Howard, 1998), to which the cultures may not be adapted.  A decrease in pH may lead to 
cellular acidification, and perhaps the freshwater algae used in the studies analyzed may not 
have the ability to regulate pH through active proton pumping or intracellular buffering as 
acidiphilic algae have (Bethmann & Schonknecht, 2009).  The negative effect of CO2 magnitude 
may also indicate that there were other limiting factors such as nutrients (e.g., phosphate) or 
light.   
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	Other potential predictors such as duration of study, mesocosm design size, 
temperature and pH levels at the start were not significant predictors of variation in effect sizes 
in photosynthesis (Supplemental Table 1).  
	
Nutrient Uptake 
 We tested the hypothesis that microalgal nitrogen and phosphate uptake would increase 
when cultures were subjected to CO2 enrichment by calculating 54 effect sizes (Fig. 3.1a); 
overall, CO2 enrichment did result in a significant increase in microalgal uptake of nitrogen and 
phosphate.  Nutrient uptake was measured as stoichiometry of the algal biomass and as uptake 
of nitrogen and phosphate from growth media.  There were significant differences in the 
stoichiometry of algal biomass but not in nitrogen and phosphate uptake from the growth media 
(Fig. 3.1b).  Additionally, there were significant differences between the two nutrient types so 
they could not be combined, and only algal stoichiometry had enough effect sizes (39) for 
further analyses.   
 While elevated CO2 had an overall positive effect on algal biomass stoichiometry, there 
was some variation among studies.  Increases in algal C:N and C:P were measured under high 
CO2 in both single and mixed cultures (Urabe & Waki, 2009) and there was an increase in C:P 
in the green alga Scenedesmus acutus (Urabe et al., 2003).  Additionally, there was a 
measured increase in algal C:P in a natural algal assemblage (Hargrave et al., 2009). However, 
there was a decrease in C:N accompanied by higher cellular concentrations of the toxin 
microcystin in M. aeruginosa (Sandrini et al., 2015a).   
 The predictors we tested with meta-regressions did not significantly explain variation in 
effect size within the Nutrient class (Supplemental Table 1).  These included measures of study 
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duration, mesocosm design size, temperature, pH levels at the start, and levels of nitrogen, 
phosphate and CO2 elevation magnitude. 
 
Algal Consumers  
When algae were cultivated under elevated CO2 conditions, growth in herbivore 
consumers was expected to decrease from diminished algal food quality because of an increase 
in carbon relative to nitrogen and phosphate, and from an increase in algal toxins.  Growth in 
consumers was overall negative but the trend was not significant (Fig. 3.1b).  Because there 
was a significant difference among Hedges’ d values between growth of microalgae and 
consumers (Fig. 3.1b), results could not be combined and further analyses were not run on 
growth in consumers.   
Six studies that measured direct or indirect effects on algal consumers were included in 
the meta-analysis. Two of the studies were based in the field (Hargrave et al., 2009; Yu et al., 
2015) and four in the lab (Shikano & Kawabata, 2000; Urabe & Waki, 2009; Van de Waal et al., 
2009; Pierangelini et al., 2015).  Of these six total studies, three measured direct effects on 
herbivores that consumed algae cultured in elevated CO2 conditions, and three measured 
indirect effects on algal consumers in terms of increased cyanotoxin production by algal 
provided CO2 enrichment.  The number of each type of study (field or lab, direct or indirect 
effects) was thus small, and this limits the strength of conclusions on overall consumer effects 
from algae subjected to elevated CO2.  The overall negative effect of elevated CO2 on algal 
consumers, though not significant, highlights the need for additional studies at higher trophic 
levels. 
 Effects on herbivores may vary depending, in part, on how broad their consumption 
habits are.  Daphnia had reduced growth rates when fed monospecific algal cultures grown 
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under elevated CO2 versus ambient but maintained high growth rates when fed diets of two or 
three species of algae (Urabe & Waki, 2009); thus, herbivores that are specialists may be more 
sensitive if their prey species are impacted than herbivores that are generalists. In another 
study, there was a measured increase in algal C:P in a natural algal assemblage; however, the 
reduced nutritional quality did not have a negative impact on herbivore consumers (Hargrave et 
al., 2009).  
 
Methodological Hypotheses  
To determine if microalgae respond differently to CO2 enrichment, depending on 
experimental and culture conditions, we tested a variety of experimental parameters, and none 
had an impact on CO2 effects. Based on the 22 papers from which we extracted data, there was 
no difference in algal response to elevated CO2 based on any of the following: algal origin 
(cultured or natural), mesocosm design (closed, such as a flask, or open, such as a chemostat; 
experimentally controlled or natural); setup (field or lab), CO2 delivery system (aeration or 
sparging), algal taxa used (cyanobacteria, diatoms, green algae, protists or mixed communities 
that were either from natural or manipulated systems), the distribution of the algae (benthic, 
planktonic, or found in wetland soil), whether they were reported as bloom-forming, or the light 
duration (14 hours, 24 hours, or outdoors in natural day-night cycles) (Supplemental Figures 1-
4).  Based on this analysis, variations in these parameters would not be likely to impact elevated 
CO2 effects.  However, as discussed above, nitrogen, phosphate and CO2 enrichment levels 
would likely impact elevated CO2 response for water chemistry and photosynthesis parameters. 
 Areas that require additional research were made particularly apparent upon 
examination of the impacts of experimental methods on response to CO2. Of the 22 studies 
included in the meta-analysis, only four were conducted in the field. There were nine field 
measurements in each of the Water Chemistry and Photosynthesis response classes compared 
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to 44 and 133 from the lab, respectively.  Of the four field studies, three were conducted in lakes 
and only one in a simulated stream, using recirculating well water and algal inoculum collected 
from a nearby creek. Thus, it is not possible to determine if elevated CO2 impacts lentic and lotic 
systems differently. Comparisons of CO2 enrichment effects between major biomes (e.g., tropic 
vs. temperate vs. boreal) and between blackwater and clearwater rivers were similarly not 
possible. There is also a lack of studies on elevated CO2 effects on microalgal response in 
wetland systems, with only one study included that focused on algae isolated from the soil of the 
CO2 spring.  Furthermore, it was not possible to draw firm conclusions on differences in 
response by benthic vs. planktonic algae. Of the 22 studies included, two were focused on 
benthic algae, one on algae isolated from soil of a CO2 spring, and 19 focused on planktonic 
algae.  In the Photosynthesis response class there were 15 measurements on benthic algae 
and 127 on planktonic algae, in the Nutrient class there were 2 benthic and 37 planktonic, and 
in the Growth class there was 1 benthic and 77 planktonic.   
 
Conclusions 
The meta-analysis provided a quantitative synthesis of the research to date on 
freshwater algal response to elevated CO2 concentrations, and can be used to inform further 
studies.  Through our analysis, we confirmed that overall elevated CO2 impacted freshwater 
chemistry, despite wide variations in freshwater systems.  Specifically, acidity and DIC 
concentrations increased in cultures subjected to CO2 enrichment, and this response increased 
with magnitude of CO2 elevation.  We demonstrated that microalgae respond to these chemical 
changes, through increases in growth, photosynthesis and nutrient uptake.  Photosynthesis 
response increased with magnitude of CO2 elevation and phosphate level, and decreased with 
nitrogen level.  Algal consumer response was overall negative, but it was not statistically 
significant, highlighting the need for additional research.  Microalgal response was not sensitive 
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to experimental and cultivation parameters such as CO2 delivery method, light duration, 
mesocosm size, temperature, study duration, and pH at the start.  Our findings illustrate that 
overall microalgae respond positively to elevated CO2 but that responses are impacted by 
inorganic carbon-nutrient interactions.  Because of underlying differences in freshwater systems 
and a variation in specific algal responses, there is a need for additional studies on freshwater 
microalgal response to elevated CO2 and on the interactions of elevated CO2 and nutrient 
concentrations.  The meta-analysis identified specific areas that require further study, including 
an overall need for more field studies, and a need for more studies on algae in benthic systems 
and in different freshwater ecosystems and biomes.  There is also a need to further study the 
effects of microalgal response on other trophic levels.  
As in marine systems, response of freshwater microalgae to elevated CO2 is likely to 
vary by species and will likely vary across the diversity of freshwater ecosystems.  
Nevertheless, with additional research in targeted areas, particularly sensitive ecosystems and 
populations may be identified. These areas of vulnerability may be where policy and 
management is focused. 
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Tables and Figures 
 
 
Figure 3.1:  Forest plot of random-effects meta-analysis of effects of elevated CO2 (Hedges’ d 
with 95% confidence intervals) across the various classes of responses measured. A response 
is significant when the confidence interval does not overlap with zero. Sample sizes are shown 
in parentheses. Emphasized in black is the grand mean of the pooled effect across all studies 
(with k number of effect sizes in parentheses), and in grey are subgroupings of these effects.  
(a) Pooled effect sizes among the four major classes of response. (b)  Major classes of 
responses further sub-grouped among types of measured responses.   
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Figure 3.2: Random-effects meta-regressions of effects of elevated CO2 on water chemistry 
(Hedges’ d) with 95% confidence intervals for the slope.   
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Figure 3.3: Random-effects meta-regressions of effects of elevated CO2 on photosynthesis 
(Hedges’ d) with 95% confidence intervals on slope fit.  (a) Nitrogen, (b) Phosphate and (c) CO2 
elevation magnitude. 
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Supplemental Tables and Figures 
Table S3.1: Papers Included in Meta-Analysis 
Publication* 
Chinnasamy et al., 2009 
Collins and Bell, 2006 
Hargrave et al. 2009 
Hu and Gao, 2008 
Ibelings and Maberly, 1998 
Low-Decarie et al., 2011 
Pierangelini et al., 2014 
Pierangelini et al., 2015 
Qiu and Gao, 2002 
Sandrini et al., 2015a 
Sandrini et al., 2015b 
Schippers et al., 2004 
Shikano and Kawabata, 2000 
Sobrino et al., 2009 
Song et al., 2014 
Urabe and Waki, 2009 
Urabe et al., 2003 
Van de Waal et al., 2009 
Wu et al., 2012 
Xia and Gao, 2003 
Yang et al., 2001 
Yu et al., 2015 
	*Full citations available in References 
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Table S3.2: Non-significant results from random-effects meta-regressions of effects of elevated 
CO2 (Hedges’ d) with 95% confidence intervals for the slope   
Class Response slope SE z-test d.f. p 
Water Chemistry  
Duration -0.02 0.06 -0.32 52 0.75 
Design size -0.04 1.19 -0.03 52 0.98 
Temperature 0.36 0.53 0.68 52 0.50 
pH at start 0.04 0.02 1.89 44 0.06 
Nitrogen level 2.92 1.71 1.70 44 0.09 
Phosphate level 0.04 0.02 1.89 44 0.06 
Growth 
Duration -0.01 0.01 -0.24 80 0.81 
Design size -0.50 0.36 -1.35 76 0.18 
Temperature 0.19 0.22 0.89 78 0.38 
pH at start 0.41 1.07 0.38 80 0.70 
Nitrogen level 0.04 0.43 0.09 82 0.93 
Phosphate level -0.17 0.37 -0.45 82 0.65 
CO2 elevation magnitude 0.001 0.001 0.72 84 0.47 
Photosynthesis 
Duration -0.04 0.06 -0.70 115 0.49 
Design size -1.12 3.80 -0.29 109 0.77 
Temperature -0.27 0.30 -0.89 133 0.77 
pH at start -0.18 2.34 -0.08 121 0.94 
Nutrients 
Duration -0.03 0.03 -0.84 38 0.40 
Design size 0.12 0.64 0.19 38 0.85 
Temperature -0.59 0.33 -1.78 38 0.07 
pH at start -0.51 2.41 -0.21 38 0.83 
Nitrogen level -0.69 0.81 -0.84 38 0.40 
Phosphate level -0.01 2.42 -1.76 38 0.08 
CO2 elevation magnitude 0.001 0.002 0.47 38 0.64 
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Figure S3.1:  Forest plot of random-effects meta-analysis of effects of elevated CO2 on water 
chemistry (Hedges’ d with 95% confidence intervals). Emphasized in black is the grand mean of 
the pooled effect across all studies (with k number of effect sizes in parentheses), and in grey 
are subgroupings of these effects. 
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Figure S3.2:  Forest plot of random-effects meta-analysis of effects of elevated CO2 on growth 
(Hedges’ d with 95% confidence intervals). Emphasized in black is the grand mean of the 
pooled effect across all studies (with k number of effect sizes in parentheses), and in grey are 
subgroupings of these effects.   
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Figure S3.3:  Forest plot of random-effects meta-analysis of effects of elevated CO2 on 
photosynthesis (Hedges’ d with 95% confidence intervals). Emphasized in black is the grand 
mean of the pooled effect across all studies (with k number of effect sizes in parentheses), and 
in grey are subgroupings of these effects.   
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Figure S3.4:  Forest plot of random-effects meta-analysis of effects of elevated CO2 on nutrients 
(Hedges’ d with 95% confidence intervals). Emphasized in black is the grand mean of the 
pooled effect across all studies (with k number of effect sizes in parentheses), and in grey are 
subgroupings of these effects.   
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CHAPTER 4 
Cultivation study of the marine microalga Picochlorum oculatum and outdoor 
deployment in a novel bioreactor for high-density production of algal cell mass 
 
Note to Reader:   This chapter has been previously published: Dogaris, I.*, T.R. Brown*, B. 
Loya, and G. Phillippidis. Cultivation study of the marine microalga Picochlorum oculatum and 
outdoor deployment in a novel bioreactor for high-density production of algal cell mass. Biomass 
and Bioenergy 89: 11-23.  See Appendix A for the PDF of the published document and 
Appendix B to see the permission from the publisher. 
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a b s t r a c t
Microalgae are considered a promising source of renewable diesel and jet fuel. Currently, large-scale
microalgae cultivations are performed in open ponds because of their low capital and operating costs,
but they generally suffer from low cell mass yield and high risk of contamination. A novel, cost-effective,
and modular horizontal bioreactor (HBR) for algae cultivation was developed, as described in the present
study. The HBR was designed to keep costs low and was engineered to minimize water and energy use
while enhancing CO2 and nutrient uptake. The selected marine microalgal strain, Picochlorum oculatum
(Nannochloris oculata), has shown potential for biofuel production. A series of controlled indoor growth
experiments was ﬁrst performed to identify the appropriate P. oculatum growth conditions before
demonstrating the HBR performance. Supplying CO2 continuously or by pH-control (pulsed) did not
affect culture progression. Growth on urea and nitrate yielded comparable results, while ammoniumwas
less effective. Varying inoculum size from 10% to 15% or 20% had no signiﬁcant effect on lag time and ﬁnal
cell concentration and comparable growth was measured in the 7e8 pH range. The 150-L HBR's per-
formance was successfully demonstrated outdoors by growing P. oculatum at the identiﬁed growth
conditions selected to reduce operating costs (pH-controlled CO2, pH 7.5, 10% inoculum, and nitrate).
High-density growth was achieved without any contamination issues in outdoor HBR cultivations over
68 days in central Florida during two consecutive growth cycles.
© 2016 Elsevier Ltd. All rights reserved.
1. Introduction
Renewable transportation fuels have been receiving increasing
attention in recent years, as the transportation sector, including the
aviation industry, seeks ways to reduce carbon emissions and
dependence on imported fossil fuels [1]. Algae have the potential to
become a signiﬁcant source of renewable jet and diesel fuels and to
help mitigate climate change due to their projected lower carbon
footprint [2,3]. Many promisingmicroalgal species can grow readily
in culture, double their cell mass within a few days, and be culti-
vated in a sustainable way by using low quality water sources, like
wastewaters, and CO2 from ﬂue gas of industrial plants [4e6]. After
cultivation, algal lipids (or whole algae cells) can be converted to
fuel, proteins in algal cells may be used as animal feed and ﬁsh
meal, while carbohydrates may be valuable in nutraceutical appli-
cations, thus improving the life-cycle sustainability and proﬁt-
ability of algae [7,8]. Presently, most microalgae cultivation systems
at industrial scale are open ponds, due to their low capital and
operating costs, but they often suffer from low cell mass yields and
culture crashes due to contamination problems [9]. On the other
hand, closed photobioreactor systems can support higher algal cell
mass concentrations and productivities, but usually at the expense
of higher capital and operating costs. Hybrid systems attempt to
combine characteristics of both systems as they generally try to
approximate open ponds to reduce cost [10].
We describe the development of an inexpensive modular hori-
zontal cultivation system for algal biofuel production developed by
an academia-private sector partnership. The horizontal bioreactor
(HBR) was designed to keep manufacturing costs low and provide
goodmixing for efﬁcient CO2 and nutrient uptake by algae cells. The
capital cost (materials and manufacturing) of the HBR at full
* Corresponding author.
E-mail address: gphilippidis@usf.edu (G. Philippidis).
1 Contributed equally.
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journal homepage: http: / /www.elsevier .com/locate/biombioe
http://dx.doi.org/10.1016/j.biombioe.2016.02.018
0961-9534/© 2016 Elsevier Ltd. All rights reserved.
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production is estimated to be $25,000 per hectare using scaled-up
units (each with a surface area of 1000 m2) which is comparable to
open ponds and many times lower than reported for closed pho-
tobioreactors according to a previous analysis [11]. The HBR is
readily scalable due to its modular design, can operate both on the
ground and on water, and utilizes a fraction of cultivation water
compared to traditional open systems. Scale-up is envisioned in the
form of multiple HBR units connected in series or in parallel to
provide the required surface area for a commercial operation. Its
enclosed design acts as a barrier that reduces considerably the
chances of culture contamination. A ﬁrst HBR prototype was pre-
viously developed by our team and successfully demonstrated for
algal cultivations [11]. That unit was equipped with airlift systems
for culture mixing and gas diffusion and operated in a body of
water. A larger 150-L prototype with different mixing and CO2
diffusion systems was subsequently developed and demonstrated
for algal cultivation as presented in the current study. The new HBR
design is equipped with an 8-blade paddlewheel that enables cul-
turemixing with very low energy consumption compared to the air
compressor required for the original airlift system. Power re-
quirements of paddlewheels have been reported to be almost half
that for airlifts, while their efﬁciency is double that of airlift cir-
culation systems [8]. With the removal of the airlifts in the newly
designed HBR, we introduced a ceramic gasmicro-diffuser for high-
efﬁciency CO2 supply directly into the culture.
For demonstration of the HBR cultivation performance, the
green microalgal species Nannochloris oculata (Chlorophyceae),
reclassiﬁed as Picochlorum oculatum [12], was selected. P. oculatum
(N. oculata) is a marine alga widely used as feed by zooplanktons
and corals [13]. It has good potential for biofuel production due to
its high growth rate, ability to grow readily in culture, and high lipid
production [5,13,14]. Moreover, it grows under a wide range of
environmental conditions, such as temperature and salinity, thus
rendering this microalga a promising candidate for outdoor culti-
vations that are subject to highly variable conditions [15].
P. oculatum has been reported to grow at temperatures as low as
1 C, it is common in temperate estuaries, and often dominates in
open cultures that reach temperatures above 25 C [16]. Further-
more, it can tolerate salinities from 2 to 300% of seawater [16],
hence enabling its cultivation using various non-potable water
sources that are locally available, such as seawater, brackish or
wastewater.
First, a series of controlled indoor growth experiments was
performed to identify appropriate P. oculatum growth conditions
that would serve as the basis for the subsequent outdoor HBR tests.
We started by investigating light sources for indoor inoculum
preparation and by examining different CO2 supply modes for
inoculation and HBR operation. More speciﬁcally, illumination by
different light sources, metal halide lamps (MH) and light-emitting
diodes (LED), was assessed and the difference between continuous
CO2 delivery and a pulsed pH-controlled CO2 supply on P. oculatum
growth was investigated. LED illumination has been reported to
foster high-density cultivation of microalgae [17] and may provide
a more efﬁcient source of illumination than the traditionally used
MH lights. Following these experiments, we investigated the effect
of inoculum size and culture pH on cell growth. Subsequently, we
examined the effect of nitrogen source on the growth of P. oculatum
by comparing urea and ammonia (compounds often found in
wastewaters) to potassium nitrate (control) in order to assess the
suitability of wastewater as a potential inexpensive and abundant
nitrogen source; if wastewater could be utilized as a nitrogen
source, the production costs of algal cell mass and biofuels would
be reduced [18,19]. Finally, after selecting those conditions that
yielded in the aforementioned experiments the best growth per-
formance at the lowest apparent cost, P. oculatumwas cultivated in
the developed HBR under real-world conditions in central Florida.
The bioreactor's performance was documented and is presented in
the current study.
2. Materials and methods
2.1. The horizontal bioreactor (HBR)
The HBR unit is a fully enclosed algae cultivation system (Fig. 1)
constructed from greenhouse low-density UV-stabilized poly-
ethylene (PE) sheet of 150 mm thickness (International Greenhouse
Company, Danville, IL, USA), as described previously [20]. The top
and the bottom PE sheets were welded together to form a closed
bioreactor, similar to a covered raceway, but with the advantage of a
protected cultivation environment that reduces water evaporation
and minimizes the risk of outside contaminations. The HBR was
equipped with a centrally positioned plastic tube that acted as
Abbreviations
HBR horizontal bioreactor
LED light-emitting diode
MH metal halide lamp
PE polyethylene
OD optical density
HEPES 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic
acid
DW dry weight
NO3eN nitrate nitrogen
PO4eP phosphate phosphorus
NH4eN ammonium nitrogen
DO dissolved oxygen
T PE transparency percentage
I0 light intensity without the PE piece in front of the light
sensor
IPE light intensity with the PE piece in front of the light
sensor
N cell concentration (cm3)
mmax maximum speciﬁc growth rate (d1)
RN average NO3eN consumption rate (mg L1 d1)
RP average PO4eP consumption rate (mg L1 d1)
Pv average volumetric productivity (g L1 d1)
Pa average areal productivity (g m2 d1)
YN cell mass yield on nitrogen (g of cell mass per g of NO3
eN)
Ntotal total consumed g of nitrate nitrogen
YP cell mass yield on phosphorus (g of cell mass per g of
PO4eP)
Ptotal total consumed g of phosphate phosphorus
PAR photosynthetically active radiation
YI cell mass yield on light energy (g of cell mass per mol
of photons)
Itotal total incident mol of photons
TAG triacylglyceride
SD standard deviation
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divider forming a closed-loop channel (Fig. 1c). Ground preparation
entailed only leveling of the ground. During operation, the culture
depth was just 5 cm, which enhanced exposure of the algal cells to
light even at high densities, while at the same time minimizing
water use and reducing downstream processing. Mixing of the
culture was achieved by an 8-blade aluminum paddlewheel placed
between the top and bottom PE sheets at the center of the HBR, as
shown in Fig. 1. The HBR used in the present study was manufac-
tured with a working volume of 150 L and an effective surface area
of 3 m2. Due to its modular design with each unit comprising a PE
sheet and a paddlewheel, it can be readily scaled up by connecting
multiple units in parallel and in series to cover the industrial scale
area available for mass production of algal biomass. The culture
velocity inside the HBR was measured at various paddlewheel
rotation speeds using neutral-buoyancy (density of 1.0 g cm3)
polyethylene 1.0e1.2 mm microbeads (Cospheric, Santa Barbara,
CA, USA). Six spots were selected around the bioreactor, including
the two channel turns, and the time required for each of ﬁve beads
to travel a set distance was recorded and used to calculate the
average local and overall speeds at 0.33, 0.5, and 0.66 Hz.
The unit's monitoring systems included real-time measure-
ments of culture pH, culture temperature, and solar irradiance.
Culture pH was measured by a submersible self-cleaning pH elec-
trode with automatic temperature compensation (Cole-Parmer,
USA) connected to a digital controller (Alpha pH200, Eutech In-
struments, USA). The temperature sensor (12-Bit Temperature
Smart Sensor, Onset, USA) was submerged in the culture. Sunlight
levels on the HBR surface were measured with a silicon
pyranometer sensor (Solar Radiation Smart Sensor, Onset, USA).
The pH controller, temperature probe, and light sensor were con-
nected to an automated logging system (HOBO U30, Onset, USA).
The data sampling rate of the logger was set to 1 min for all the
sensors, and the averaged value over 10 min was stored on the
logger.
Pure industrial grade CO2 (Airgas, USA) was diffused through a
high-efﬁciency ceramic micro-diffuser (PMBD 75, Point Four Sys-
tems, USA). A pH-stat system controlled the delivery of CO2 as a
means of maintaining the pH of the medium ﬁxed at the desired set
point. The system included a direct-acting solenoid valve (Burkert,
USA) connected to a pH controller (Alpha pH200, Eutech In-
struments, USA) set to open the valve at the set point and shut off at
a pH value 0.05 lower than the set point (0.05 hysteresis).
2.2. Microorganism and growth conditions
The microalgal strain P. oculatum UTEX LB 1998 was used to
demonstrate the cultivation performance of the HBR. The strain
was obtained as N. oculata LB 1998 from the UTEX Culture Collec-
tion of Algae at the University of Texas at Austin, but was reclas-
siﬁed as P. oculatum UTEX LB 1998 by Henley et al. [12] and veriﬁed
as chlorophyte species using 18S rRNA partial sequences in NCBI
GenBank (accession numbers AY422075 and GQ122335) and
chloroplast partial gene sequence (GenBank accession number
EF113455) [21]. P. oculatum was grown in marine medium, as
deﬁned previously [11]. Phosphorus was added in the form of
KH2PO4. The initial P concentration was adjusted to 29.3 mg L1
(“full strength”), except for the nutrient toxicity ﬂask tests (section
3.1.3), where it was additionally set at 14.7 mg L1 (“half strength”)
and 6.2 mg L1 (“original medium strength”). The nitrogen source
was KNO3 and the initial N concentration was 316 mg L1 (“full
strength”) with the exception of the nitrogen source experiments
(section 3.1.3), where additional concentrations of nitrogen,
158 mg L1 (“half strength”) and 70 mg L1 (“original medium
strength”), were also used in the form of nitrate (KNO3), urea, or
ammonium (NH4Cl). Overall, nitrogen and phosphorus were sup-
plemented when needed during the cultivations to prevent any
nutrient limitation phenomena.
During the cultivation experiments a sequential culturing
schemewas applied, as described previously [11]. Brieﬂy, the initial
inoculum was prepared in ﬂask cultures maintained at 23 C in a
rotary shaker operating at 2.5 Hz under continuous LED illumina-
tion. A volume of 10% inoculum was transferred from the ﬂask
cultures to bleach-sterilized vertical ﬂat panel photobioreactors
with a working volume of 7.5 L for high-density inoculum pro-
duction (Fig. 1d). When those cultures reached optical density at
680 nm (OD680) around 8, a volume of 10% inoculum (unless stated
otherwise) was transferred from the 7.5-L bioreactors to several
3.5-L ﬂat panel photobioreactors for the indoor growth study ex-
periments or to the 150-L HBR for outdoor cultivation. The ﬂat
panel photobioreactors were bubbled with CO2-enriched air for
culture mixing and carbon source delivery. The pH in the cultures
was controlled by automatically varying the CO2-air mix via a pH-
stat system as described earlier (section 2.1). The controller was
set at 7.50 ± 0.05 with the exception of the pH experiments (section
3.1.5), where the pH values of 7.0 and 8.0 were also studied. Sam-
ples were taken daily for algal growth measurement and nutrient
consumption monitoring. The ﬂat panel bioreactors were exposed
to artiﬁcial light by either LED panels (BloomBoss Panel by NEH,
Southampton, MA, USA) or a grow light system comprising a
14,000 K Aqualitetm MH lamp (Ushio America, Cypress, CA, USA)
and an Xtrasun reﬂector-ballast system (Hydrofarm, Petaluma, CA,
USA). The illumination systems were positioned to provide
approximately 10 klux, as measured at six locations on the
Fig. 1. Schematic of the pilot-scale 150-L horizontal bioreactor for the production of
algal cell mass [(a) overview; (b) side view; (c) top view] and the bench-scale ﬂat panel
photobioreactors for algal physiology studies and inoculum production [(d) 7.5-L; (e)
3.5-L].
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bioreactor's active surface by a portable light meter (Model CA813,
AEMC Instruments, Dover, NH, USA), operating on a 16:8 h light:-
dark cycle in an air-conditioned lab at 23 C. The media were
sterilized in situ using sodium hypochlorite (common household
bleach) overnight and neutralized for 1 h with sodium thiosulfate
prior to inoculation, as described in Ref. [11].
The P. oculatum growth study experiments were conducted in-
doors and the various conditions studied are presented in Table 1.
First, the effect of light source (section 3.1.2) was studied in two 7.5-
L ﬂat panel photobioreactors, which were inoculated with ﬂask
cultures as described above. The LED or MH panels were positioned
at an appropriate distance from the reactors to provide 3 klux of
light to the cultures upon inoculation and were repositioned to
provide about 10 klux of light once the cultures grew to an optical
density greater than 1.0. The effects on algal growth of CO2 delivery
method (section 3.1.1), nitrogen source (section 3.1.3), inoculum
level (section 3.1.4), and pH (section 3.1.5) were investigated in
duplicate 3.5-L ﬂat panel photobioreactors (Fig. 1e) with pH and
temperature recording as described above. The pulsed CO2 setup
involved the pH-stat system, as described earlier, while during the
continuous CO2 delivery the valve was omitted and CO2 was
constantly supplied directly into the mixing air stream at 2e3%
CO2-to-air ratio by manually adjusting, when needed, the CO2 ﬂow
to keep the pH at 7.5. During the nitrogen source experiments, the 3
sources (nitrate, urea, and ammonium) were added to the growth
medium at the same elemental nitrogen level, as described above.
In order to buffer any pH changes from the utilization of NH4Cl and
urea by the algae, 1.9 g L1 of HEPES (2-[4-(2-hydroxyethyl)piper-
azin-1-yl]ethanesulfonic acid) buffer was added by ﬁlter steriliza-
tion. The effect of inoculum size was studied by varying the
inoculum concentration from 10% to 15% and 20% of culture vol-
ume, using inoculum from P. oculatum cultivations in the 7.5-L
photobioreactors, as described above. The three pH levels, 7.0, 7.5,
and 8.0, were achieved by adjusting the pH controller setup.
Outdoor growth experiments were performed in a 150-L HBR
prototype unit operated in central Florida. A 10% inoculum was
transferred to the HBR from the indoor ﬂat panel photobioreactors
after the culture reached high density (OD680 8.6). Samples were
taken regularly for growth measurement and nutrient monitoring.
During inoculation, usually completed around noon, a sample was
drawn after 30 min to allow sufﬁcient time for cells and nutrient
mixing. The rest of the samples were drawn consistently in the
morning, around 9 am. Sample analysis was done immediately after
sampling and culture samples were kept in a cold bath until
analysis was completed.
2.3. Analytical procedures
The OD of the samples was measured in duplicate at 680 nm
using a spectrophotometer (DU 730, Beckman Coulter, USA). The
cell concentrationNwasmeasured in duplicate using an automated
cell counter (Auto X4, Nexcelom, USA). Dry weight (DW) was
determined by ﬁltering 5 cm3 of culture volume through pre-
dried and pre-weighed 0.47 mm Whatman nylon ﬁlters, followed
by rinsing with 50 cm3 of deionized water and by drying to a
constant weight in a moisture analyzer (MB25, Ohaus, USA) set at
100 C. The nutrient (N and P source) concentrations were
measured in the sample ﬁltrate. Nitrate nitrogen (NO3eN) con-
centrations were determined using UV spectroscopy at 220 nm, as
described elsewhere [22]. Total phosphate test kits (Hach, USA)
were used for PO3eP estimation. The concentrations of urea ni-
trogen and ammonium nitrogen (NH4eN) were measured using
Total Nitrogen test kits (Hach, USA), after appropriate standard
curves were prepared for each N source (data not shown).
Dissolved Oxygen (DO) content in the outdoor HBR samples was
measured immediately after each sampling, using a portable Dis-
solved Oxygen Meter HI 9147 (HANNA Instruments, Romania)
calibrated at 30‰ salinity following the manufacturer's in-
structions. The salinity of the culture medium was measured in
each samplewith a portable salinity meter SALT6þ (OAKTON, USA),
as described in the manufacturer's instructions.
2.4. Measurement of bleached PE transparency
To ensure that the chemical sterilization (bleaching) did not
affect the transparency of the HBR's PE ﬁlm, the light transmittance
of three 10 cm  10 cm pieces of the PE sheet was measured before
(control) and after bleaching using the same conditions as
described above. The PE pieces were exposed to 5 different light
intensities from a metal halide bulb and light intensity (klux) was
recorded by a portable light meter (Model CA813, AEMC In-
struments, USA). The transparency (T) was calculated using Eq. (1).
T ¼ I0  IPE
I0
 100 (1)
where T is the transparency percentage, I0 is the light intensity
without the PE piece and IPE is the intensity with the PE piece in
front of the light sensor. Furthermore, the absorbance of the PE
Table 1
Summary of all P. oculatum cultivation experiments conducted in the present study for indoor small-scale growth optimization. Growth parameters (cultivation time, cell mass
and cell concentrations), growth and nutrient consumption rates, productivities, and yields are shown for each test. All experiments were performed in ﬂat panel vertical
photobioreactors with working volume 3.5 or 7.5 L under artiﬁcial light.
Effect of CO2
delivery
Light
source
N
source
Inoculum
level (%)
pH Time DWmax Nm mmax RN RP Pv Pa YN YP
days g L1 cm3 d1 mg L1 d1 mg L1 d1 g L1 d1 g m2 d1 g g1 N g g1 P
CO2 delivery Continuous MH KNO3 10 7.5 14 2.17 0.89$109 1.27 17.5 1.8 0.15 7.7 8.8 88.9
pH-stat MH KNO3 10 7.5 14 1.86 0.94$109 1.27 17.8 1.7 0.13 6.8 7.5 79.4
Light source pH-stat LED KNO3 10 7.5 16 2.06 1.40$109 2.06 18.1 1.4 0.10 5.4 7.4 70.2
pH-stat MH KNO3 10 7.5 16 2.04 1.41$109 1.40 18.5 1.4 0.11 5.5 7.0 69.5
N source pH-stat LED KNO3 10 7.5 18 2.94 1.36$109 1.62 23.6 1.8 0.19 10.0 7.9 104.9
pH-stat LED Urea 10 7.5 18 3.20 1.45$109 1.40 51.6 1.8 0.26 13.6 7.0 123.5
pH-stat LED NH4Cl 10 7.5 14 1.56 0.59$109 1.17 45.2a 2.2 0.22 11.6 1.2 78.1
Inoculum
level
pH-stat LED KNO3 10 7.5 14 2.05 1.18$109 1.39 18.6 1.8 0.14 7.2 7.5 69.8
pH-stat LED KNO3 15 7.5 14 1.63 1.21$109 1.22 21.3 1.9 0.13 6.7 6.4 58.4
pH-stat LED KNO3 20 7.5 14 1.91 1.35$109 0.75 18.9 1.9 0.12 6.2 7.5 67.4
pH pH-stat LED KNO3 10 7.0 21 2.66 1.20$109 1.34 19.9 1.9 0.21 10.7 7.2 80.7
pH-stat LED KNO3 10 7.5 21 2.36 1.15$109 1.26 20.4 1.9 0.14 7.0 6.2 72.0
pH-stat LED KNO3 10 8.0 21 2.56 1.21$109 1.32 19.4 1.5 0.19 7.3 6.4 69.3
a Estimated after the 8-day daily feeding period.
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pieces at 680 and 420 nm was measured in a spectrophotometer
(DU 730, Beckman Coulter, USA).
To ensure that bleaching of the HBR's PE did not affect cell
growth, the presence of bleached UV-stabilized PE during algal
growth was tested in P. oculatum ﬂask cultures in duplicate. Same-
size pieces of bleached PE were added to the culture medium and
inoculated with algal cells in 250-cm3 Erlenmeyer ﬂasks
(100 cm3 culture liquid) to simulate the contact of the culturewith
the PE surface in the HBR. Control ﬂasks without PE pieces were
also included in duplicate. Samples were taken after 7 and 14 days
for growth measurement.
2.5. Calculations and statistical analysis
The average values of two growth metrics, maximum cell con-
centration Nmax andmaximum dry cell weight DWmax, between the
duplicate photobioreactors (where applicable) during the cultiva-
tions of P. oculatumwere calculated and reported in Tables 1 and 2
for indoor and outdoor cultivations, respectively. Growth and
nutrient consumption rates, cell mass productivity, as well as cell
mass yields on light energy (outdoors only), nitrogen, and phos-
phorus, were calculated based on growth and nutrient consump-
tion (Tables 1 and 2). More speciﬁcally, the maximum speciﬁc
growth rate mmax (d1) of algae during the indoor and outdoor
cultivations of P. oculatum was calculated during the exponential
phase from the slope of the linear regression curves of the natural
logarithm of cell density (lnN) versus cultivation time (t). Because
the exponential phase was relatively brief and the cultures subse-
quently grew linearly, only 2e4 growth data points were used for
the estimation of mmax. Those points were also used to calculate the
slope and R2 of the linear regression (data not shown).
The nutrient consumption rates for nitrogen RN and phosphorus
RP (mg L1 d1) were calculated from the change in the residual N
or P concentration C (mg L1) over time within a certain period of
cultivation t (d), as described by the following equation:
R ¼ C1  C0
t1  t0
(2)
The volumetric productivity Pv (g L1 d1) was calculated from
the change in cell mass concentration X (g L1) over time within a
certain period of cultivation t (d) according to the following
equation:
Pv ¼ X1  X0t1  t0
(3)
The average areal productivity Pa (g m2 d1) was calculated
from the volumetric productivity based on the HBR volume
V ¼ 150 L and surface area S ¼ 3.0 m2 according to the following
equation:
Pa ¼ Pv  VS (4)
The total cell mass yields on nitrogen YN (5) and phosphorus YP
(6) were calculated by dividing the ﬁnal algae cell mass concen-
tration by the consumed grams of nitrate nitrogen Ntotal and the
consumed grams of phosphate phosphorus Ptotal, respectively, ac-
cording to the following equations:
YN ¼
DWmax
Ntotal
(5)
YP ¼
DWmax
Ptotal
(6)
The solar radiation data from the pyranometer were converted
to photosynthetically active radiation (PAR) at 400e700 nm and
expressed in photon ﬂux density (mmol m2 s1) by using the
approximate conversion factor 4.57 [23]. The total cell mass yield
on light YI was calculated by dividing the ﬁnal algae cell mass
concentration by the total incidentmol of photons Itotal according to
the following equation:
YI ¼
DWmax
Itotal
(7)
Calculations and statistical analysis were performed using
Microsoft Excel 2013.
3. Results
3.1. P. oculatum growth optimization
In order to determine key growth parameters that will guide
proper outdoor cultivation, a set of indoor lab experiments was ﬁrst
conducted using vertical ﬂat-panel photobioreactors with working
volume of 3.5 or 7.5 L, as summarized in Table 1. The concentrations
of residual nitrogen (N) and phosphorus (P) in the medium were
regularly monitored throughout the cultivations and appropriate
amounts of N and P sources were supplemented, when needed, to
prevent nutrient limitation.
3.1.1. Effect of CO2 delivery method
The continuous vs. pulsed CO2 (pH-stat) delivery comparison
was studied in four 3.5-L vertical ﬂat panel photobioreactors (each
supply mode in duplicate) running in parallel with pH and tem-
perature being recorded. Less than 1 day of lag phase was observed
and the culture grew exponentially up to day 12, where the sta-
tionary phase started (Fig. 2aec). The CO2 delivery method did not
affect the culture progression, as OD680 (Fig. 2a) and cell concen-
tration (Fig. 2b) patterns were essentially identical. Moreover,
similar nutrient (N and P) consumption curves were observed be-
tween the two CO2 supply conditions (Fig. 2d). Final OD was 11.8
and 11.7 after 14 days for cultures supplied with CO2 continuously
and pulsed, respectively. Maximum cell concentration was also
similar between cultures with continuous, 0.89$109 cm3, and
pulsed CO2 delivery, 0.94$109 cm3. Some differences in the cell
mass production curve shape were observed after day 10 between
the two delivery conditions. Overall, the pulsed CO2 provided a
smoother growth curve, while the continuous supply resulted in
incremental cell mass increases and a 17% higher ﬁnal DW (Fig. 2c).
Same maximum growth rates and comparable nutrient consump-
tion rates were calculated for both conditions, although cell mass
Table 2
Algae cultivation performance in a 150-L HBR system during two consecutive out-
door operation cycles. Growth parameters, average nutrient consumption rates
(n ¼ 7e30), and daily productivities (n ¼ 19e27) and their standard deviations (±)
are reported for each cycle.
Parameter 1st cycle 2nd cycle Unit
Cultivation Period 34 34 days
DWmax 2.70 3.22 g L1
Nm 1.61  109 1.75  109 cm3
mmax 0.55 0.27 d1
RN 9 ± 7 11 ± 2 mg L1 d1
RP 1 ± 1 0.6 ± 0.3 mg L1 d1
Pv 81 ± 41 101 ± 86 mg L1 d1
Pa 4 ± 2 5 ± 4 g m2 d1
YI 0.074 0.079 g per mol of photons
YN 8.9 10.9 g per g of NO3eN
YP 125.4 119.1 g per g of PO4eP
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productivity was 12% lower in the pH stat system and the yields per
consumed N and P were lower by 15% and 11%, respectively
(Table 1). The recorded culture temperatures were the same in all
four reactors (Fig. 2e). Temperature rose to 28.5 C during the light
phase and dropped to 20.2 C during the dark phase of cultivation.
The average culture pH of the pH-stat bioreactors was 7.48 ± 0.02,
whereas the pH of the continuous supply showed higher ﬂuctua-
tion, 7.47 ± 0.05, and followed the pattern of culture temperature
and light:dark phases.
3.1.2. Effect of light source (LED vs. MH)
LED panels and MH lamps were used to illuminate two 7.5-L
vertical ﬂat panel photobioreactors running in parallel. A 400-W
ballast provided power to the MH lamps, while each LED panel
required 32 W, according to the manufacturer. A single MH lamp
was used to illuminate the 7.5-L ﬂat panel PBRs while three LED
panels were used to cover the same surface. There was no signiﬁ-
cant difference in growth as estimated by OD680, cell concentration,
and DW of cultures exposed to LED and MH lights (Fig. 2fei).
Maximum OD680 was 12.0 and 12.5 after 16 days for cultures
exposed to LED and MH lights, respectively. Cell concentration and
DW reached similar maxima on Day 15 and 16, respectively
(Table 1). Maximum dry cell weight was 2.06 g L1 for cultures
subjected to LED lights and 2.04 g L1 for cultures under MH illu-
mination. Furthermore, similar nutrient consumption rates, cell
mass productivities, and yields were calculated for both light
sources (Table 1). However, the mmax of P. oculatum cells was 47%
higher under LED illumination compared to the MH lights.
3.1.3. Effect of nitrogen source
Based on preliminary indoor cultures in ﬂat panel photo-
bioreactors (data not shown), P. oculatum consumed about 316 mg
of nitrate nitrogen and 29.3 mg of phosphate phosphorus to sup-
port cell mass growth of 2 g L1 per dry basis. To minimize the
chances of contamination during repeated nutrient feedings, the
option of adding the above nutrient amounts (full strength) at the
beginning of each batch cultivation was explored. In order to pre-
vent any nutrient toxicity effects to P. oculatum cells, a set of ﬂask
experiments was performed at three initial levels of nutrients, full
strength, half strength, and original medium strength, as described
earlier, and presented in Fig. 3a. All cultures started with the same
inoculum, as shown by OD680 at day 0, and continued to grow in
parallel under the same conditions. The OD680 of samples at day 7
and 14 were the same between the 3 nutrient levels and no growth
inhibition due to toxicity was observed. Similar ﬂask experiments
were conducted for assessing the toxicity of two other nitrogen
sources, urea and ammonium, at the same (316 mg L1) and half
(158 mg L1) the elemental N concentration of the nitrate source
(Fig. 3b). Based on OD680 of samples at day 4 and 7, changing the N
source to urea had no effect on the growth of P. oculatum, as it was
comparable with nitrate. In contrast, growth on ammonium
seemed to be greatly diminished. Ammonium appears to be toxic at
the above initial N concentrations, as no increase in OD680 was
observed over the 7-day cultivation period. The ﬁnal pH of the
cultures varied from 8.0 to 8.8. Lower pH values were observed in
ﬂasks with ammonium (8.1), whereas the ﬁnal pH values in ﬂasks
with nitrate and urea were the same, 8.7. In order to identify the
maximum initial concentration of ammonium that would not
inhibit growth, a number of various initial concentrations was
investigated (Fig. 3c). Initial NH4eN concentrations above
39.5 mg L1 seem to inhibit growth, while growth on 39.5 mg L1
and 19.8 mg L1 of NH4eN was comparable to growth on
316 mg L1 of nitrate nitrogen. The ﬁnal pH of the ammonium
cultures increased as the initial NH4eN concentration decreased.
The ﬁnal pH values in NH4 ﬂasks were 8.1, 8.2, 8.3, 8.5 and 8.6 at
316, 158, 79, 39.5 and 19.8 mg L1 of NH4eN, respectively.
The effect of the nitrogen source type on P. oculatum growth was
studied in six 3.5-L vertical ﬂat panel photobioreactors (each N
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source in duplicate) running in parallel with pH and temperature
being recorded. Despite being initially supplied with the same
elemental nitrogen concentration, substantial differences became
apparent when NH4Cl was used as nitrogen source compared to
KNO3 or urea (Fig. 4aee). The cultures supplied with NH4Cl reached
stationary phase earlier, at about half the cultivation time
compared to the cultures provided with the other two nitrogen
sources, and no further growth was observed even after 14 days
(Fig. 4aec). The maximum OD680 was 14.9 ± 0.6 on Day 19 for NO3,
15.6 ± 0.7 on Day 19 for urea, and only 7.7 ± 0.3 on Day 13 for NH4.
The growth as estimated by maximum OD680, cell concentration,
and DWwas comparable between the nitrate and urea sources, but
was about half of that in ammonium cultures (Table 1). The
maximum growth rate in ammonium was 28% and 16% lower than
in nitrate and urea cultures, respectively. It should be noted that
because of the ammonium toxicity identiﬁed in the ﬂask study
outlined earlier, we elected to supply NH4Cl in the photobioreactor
study in 8 equal aliquots to keep the ammonium concentration
below the inhibition levels reported earlier, whereas the total ni-
trate and urea amounts were added from the beginning of the
cultivations and their consumption curves are shown in Fig. 4d.
The average nitrogen source consumption rates were compa-
rable in ammonium and urea, while nitrate consumption rate was
about half. The average ammonium consumption rate was esti-
mated between the time of the ﬁnal aliquot and the experiment's
shutdown. The phosphorus consumption rate was similar in cul-
tures with NO3 and urea and 22% higher than in ammonium. The
highest cell mass productivity was observed in urea cultures,
13.6 g m2 d1, followed by growth on ammonium, 11.6 g m2 d1
and on nitrate, 10.0 g m2 d1. The cell mass yield was higher with
nitrate and urea compared to ammonium as nitrogen source
(Table 1). The recorded bioreactor temperatures were similar in all
six cultures and ranged from 21.3 C (dark phase) to 32.3 C (light
phase) (Fig. 4e). The pH of the nitrate and urea cultures was
maintained by the pH-stat system at 7.5 as shown in Fig. 4e, except
for some artiﬁcial pH spikes recorded in one of the pH controllers
(nitrate source) that was replaced twice. On the other hand, a sig-
niﬁcant drop in pHwas recorded after day 4 in ammonium cultures
reaching pH 4.9 at shutdown.
3.1.4. Effect of inoculum size
No signiﬁcant difference was observed in OD680 (Fig. 4f) and cell
concentration (Fig. 4g), when inoculum size was varied (10%, 15%,
and 20% of culture volume). No signiﬁcant lag phase was observed
in any of the runs and all cultures grew exponentially up to day 12,
where stationary phasewas reached. MaximumOD680 after 14 days
was 12.6 ± 0.4, 10.8 ± 0.3, and 12.0 ± 0.2 for cultures provided with
10%, 15% and 20% inoculum, respectively. There was some deviation
in OD after the 9th day between the two bioreactors that started
with 15% inoculum (Fig. 4f). This was most likely due to a mal-
function of the light source of one of these two bioreactors, which
resulted in half the normal light output after the 9th day. Still, there
were only small differences betweenmaximumOD680 and ﬁnal cell
concentration among inoculum sizes (Table 1), although the ﬁnal
DWat 10% inoculumwas 26% higher than at 15% and 7% higher than
at 20% inoculum. The highest DW, 2.05 g L1, as well as highest
maximum growth rate, 1.39 d1, and cell mass productivity
0.14 g L1 d1, were achieved after starting the culture with 10%
inoculum. Interestingly, the average nitrogen consumption rate at
15% inoculumwas 13e14% higher than at 10% and at 20% inoculum
levels, while the average phosphorus consumptionwas the same in
all runs. The cell mass yields on supplied N and P were lower at 10%
and 20% inoculum compared to the 15% inoculum level (Table 1).
Culture temperature variations during the light:dark photoperiods
were the same in all 6 photobioreactors (Fig. 4j). The pH-stat sys-
tem maintained the cultures' pH at 7.5 during the experiment as
shown in Fig. 4j, except for someminor artiﬁcial pH spikes recorded
in one of the pH controllers (one of the 10% inoculum duplicate
bioreactors) that had to be replaced.
3.1.5. Effect of pH
Three pH levels, 7.0, 7.5, and 8.0, were tested in duplicate in 3.5-L
bioreactors to determine their effect on P. oculatum growth. All
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cultures grew exponentially after a very brief lag phase of about 1
day and reached stationary phase around days 12e13 based on cell
concentration change (Fig. 4l). However, OD continued to rise in
cultures maintained at pH 7.0 and 8.0 (Fig. 4k). Maximum OD
observed after 20 days was 14.2 ± 0.1, 13.1 ± 0.4, and 15.1 ± 0.1 for
cultures at pH 7.0, 7.5, and 8.0 respectively. While there was a de-
viation in OD after the 11th day, overall the cultures followed a
similar growth pattern based on the measured OD680 (Fig. 4k), cell
concentration (Fig. 4l), and DW (Fig. 4m). Comparable maximum
cell concentrations and DW were estimated for all cultures
regardless of set pH, as summarized in Table 1. Moreover, no sig-
niﬁcant difference on maximum growth rates and nitrate and
phosphorus consumption rates was observed between the different
pH setups. Nitrate and phosphate were provided on day 16 to
prevent nutrient limitations from affecting growth (Fig. 4n). Cell
mass productivity was 45% and 51% higher in pH 7.0 than in 8.0 and
7.5, respectively (Table 1). Furthermore, cell mass yields on nutri-
ents (nitrate and phosphate) were slightly higher in pH 7.0 than in
7.5 and 8.0. No difference in the recorded culture temperature daily
variationwas observed in the six reactors (Fig. 4o). During the light
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period temperature rose to 32.5 C and dropped to 22.1 C during
the dark period. The pH-stat system maintained the cultures' pH
generally constant at 7.0, 7.5 and 8.0 during the experiment.
3.2. HBR operation
3.2.1. Material assessment and general operation
The HBR and the growth medium were sterilized in situ using
sodium hypochlorite (household bleach) and the possible effects of
bleach sterilization of the HBR plastic material on its light trans-
mittance was assessed. The mean light transmittance of the HBR PE
material (control) was 95.0% (standard error ¼ 0.7), while the
bleached PE sheet allowed 92.9% (standard error ¼ 0.4) of light to
pass through. Their absorbance at 680 nm (red light) and 420 nm
(blue light) was also measured as the red and blue lights are
considered preferable among the green algae species for the pur-
poses of photosynthesis [24]. At 680 nm no difference in the
absorbance between the control and the bleached sample was
measured, whereas the absorbance at 420 nm increased by 25%
after bleaching (data not shown). The possible effect of bleached PE
on algal growth was tested with P. oculatum cultures, which were
inoculated in the absence or presence of bleached PE pieces and the
OD680 of the cultures was recorded. The OD680 of the unbleached PE
(control) cultures on day 0, 7, and 14 was 0.174, 0.736 and 1.750,
respectively. The bleached PE cultures showed a very similar
growth pattern, where the OD680 of the on day 0, 7, and 14 was
0.178, 0.860 and 1.790, respectively.
The 150-L HBR prototype was successfully subjected to hy-
draulic testing, leak test, and wind and rain resistance tests. The
enclosed reactor was designed with an 8-blade paddlewheel that
was rotated by a low-speed motor. The average (n ¼ 30) ﬂuid ve-
locity inside the HBR was 15.1, 20.4, and 21.1 cm s1 when the
paddlewheel rotation speed was set at 0.33, 0.5, and 0.66 Hz,
respectively (data not shown). The rotation speed of 0.5 Hz was
deemed satisfactory and energy-efﬁcient and was selected for HBR
operation. The paddlewheel was able to ensure adequate mixing
with a very low energy consumption of just 4.7 W to circulate the
150 L of culture. The motor operated continuously without any
overheating or other issues.
3.2.2. Algae cultivation performance
The algae cultivation performance of the 150-L HBR was
demonstrated outdoors in central Florida by growing P. oculatum
over 68 days, spanning from February until April. A volume of 10%
(15 L) inoculum was transferred from the indoor ﬂat-panel bio-
reactors after reaching an OD680 of 8.6 and was supplemented with
90% (135 L) fresh medium as described earlier. The HBR was
operated outdoors for two consecutive cycles of 34 days each. After
the 1st cultivation cycle reached stationary phase, 90% (135 L) of the
culture volume was harvested and the remaining 10% was used as
inoculum for the 2nd cultivation cycle. As growth progressed, the
culture medium was supplemented with macro-nutrients (nitrate
and phosphate) in order to prevent any nutrient limitations and
thus a reduction in algal cell mass productivity. The growth pa-
rameters (OD680, DW, and cell concentration) and nutrient (NO3eN
and PO4eP) concentrations were measured in samples drawn from
the HBR samples. They are presented, along with the HBR operating
conditions (DO, pH, temperature, and solar radiation), in Fig. 5.
A maximum culture OD680 of 16.8 was observed at the end of
2nd cycle, after 34 days of cultivation, which is 11% higher than the
maximum observed in the 1st cycle (Fig. 5a). High cell concentra-
tions were achieved in the 1st and 2nd cycles, 1.54$109 cm3 and
1.75$109 cm3, respectively. An increase of 13% was observed in
ﬁnal cell concentration during the 2nd cultivation. Consequently,
the ﬁnal dry cell mass concentration reached high levels, 2.70 and
3.22 g L1 (Fig. 5a, Table 2). Strong linear correlations were iden-
tiﬁed between OD680, DW, and cell concentration in the HBR for
both cultivation cycles. As a result, cell concentration (N, in cm3)
could be used to expediently calculate cell mass concentration (DW,
in g L1) using the correlations DW ¼ 1.66$109  N (Eq. (8),
R2 ¼ 0.999, P < 0.0001) and DW ¼ 1.88$109  N (Eq. (9),
R2 ¼ 0.985, P < 0.0001) for the 1st and 2nd operation cycle,
respectively. Furthermore, the OD680 of an algal sample could also
be used to estimate the algal cell mass concentration (DW, in g L1)
via the correlations DW ¼ 0.180  OD680 (Eq. (10), R2 ¼ 0.997,
P < 0.0001) and DW ¼ 0.189  OD680 (Eq. (11), R2 ¼ 0.995,
P < 0.0001) for the 1st and 2nd operation cycle, respectively.
The correlation between DWwith OD680, which allows for faster
and less labor-intensive (if manually counted) or less costly (if
automatically counted) measurements than cell counting, showed
less variation between the two HBR operation cycles. OD680 was
selected as a proxy for rapidly estimating the daily algal cell mass
concentration and productivity during the 1st and 2nd outdoor
HBR operation cycles using Eqs. (10) and (11), respectively.
The cell mass concentration, growth and nutrient consumption
rates, productivity, and yields achieved in the 150-L HBR system
during the outdoor operation cycles are summarized in Table 2.
Highest average productivity was achieved during the 2nd cycle,
5 g m2 d1 or 101 mg L1 d1, which is 25% higher than in the 1st
cycle. However the productivity varied considerably from themean
values in both cultivations as depicted by their high standard de-
viations (SD) (Table 2), as the reactor was operated under realistic
conditions. A limited lag phase was observed in both cycles, 1e2
days, followed by a brief exponential phase and then the cultures
continued to grow linearly until stationary phase (Fig. 5a). The
maximum speciﬁc growth rate, mmax, was lower in the 2nd run
(Table 2) and was observed during the ﬁrst 3e4 days in both cycles
(Fig. 5a). Nitrate concentration decreased linearly in both cycles
(Fig. 5b), and the average NO3eN consumption rate, RN, was higher
in the 2nd run, but within one SD of the average in the 1st run. The
cell mass yield on the total consumed nitrogen, YN, was 22% higher
in the 2nd cycle than the 1st (Table 2). On the other hand, the
phosphate levels in the medium dropped by 42% in the ﬁrst 5 days
of cultivation in the 1st run and continued at a lower consumption
rate (Fig. 5b). A more linear consumption rate of phosphate was
observed during the 2nd cycle, where the average PO4eP con-
sumption rate, RP, was about half compared to the 1st cycle.
Nevertheless, the cell mass yield on the total consumed phosphate,
YP, was about the same in both cycles (Table 2).
The average salinity of the mediumwas 2.8% and varied slightly
(SD 0.1) during both cycles of the outdoor HBR cultivation. The DO
levels in the culture varied between the 2 cultivation cycles. During
the ﬁrst cycle, a range of 115e311% was measured during each
morning sampling with an average of 215% (Fig. 5b). On the other
hand, a range of 121e201% and an average of 160% were observed
during the second cultivation. The culture temperature ranged
from a low of 3.7 C during one cold night up to 38.0 C in daytime,
with an overall mean of 22.6 C and a SD of 6.3 C (Fig. 5c). The
measured solar ﬂux on the HBR surface ranged from 600 mW m2
(night time) to 1.0994 kW m2 (daytime) (Fig. 5c). No direct linear
correlation was found between the daily productivity and (a) daily
maximum temperature (R2 ¼ 0.041), (b) daily average temperature
(R2 ¼ 0.028) or (c) daily solar energy (R2 ¼ 0.038).
4. Discussion
The marine microalgal strain P. oculatum was employed to
demonstrate the algae cultivation potential of the novel HBR. First,
we ran a series of controlled indoor growth experiments to identify
key cultivation parameters, such as CO2 supply mode, type of
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nitrogen source, inoculum size, and pH, that could boost growth,
while reducing the operating cost of algae cultivation, a consider-
ation of paramount importance to the technology commercial
success. The P. oculatum growth study experiments were conducted
in ﬂat panel vertical photobioreactors at bench scale. The CO2 de-
livery method did not affect the culture progression, and similar
maximum growth and nutrient consumption rates were recorded
in both modes. However, from an operating and economic stand-
point, pulsed supply of CO2 offered certain advantages: (1) It
resulted in lower pH ﬂuctuations; (2) provided a better means of
controlling culture pH; and (3) generated a smoother growth curve
thus making cell mass productivity more predictable, all of which
are important for industrial applications. Furthermore, the pulsed
system prevents oversupply or undersupply of CO2 in the event of a
pressure rise or drop at the CO2 source. Even if CO2 is available at a
low or no cost from industrial sources, such as ﬂue gas, it still re-
quires energy for pumping [8].
The effect of the light source was investigated in order to select
the best and more economical source for indoor algae cultivation
needs, such as inoculum preparation. Given that light has been
found to be limiting in Chlorella vulgaris cultures grown in photo-
bioreactors [25], and that a closely related Picochlorum strain
exhibited different physiological response to different light in-
tensities [26], it was necessary to address whether different types
of illumination (LED versus MH lights) would affect P. oculatum
yields. In addition, capital cost, lifespan, and operating cost (in
terms of energy use) of light panels should be given serious
consideration to ensure high culture productivity at the lowest cost
possible [17]. In our study we found that algae growth using LED
lights was comparable to using more traditional MH lights at
similar illumination levels. The LED panels were speciﬁcally
designed by the manufacturer for growing plants and thus were
equipped with more red and blue LEDs than white ones, since the
red and blue lights are preferable for green algae photosynthesis
[24]. Therefore, the higher maximum growth rate of P. oculatum
under LED illumination compared to the MH lights could be
attributed to more appropriate light wavelengths (red and blue)
being available from the LED panels. Red light LEDs have been re-
ported to yield high cell densities for C. vulgaris [17]. Furthermore,
the combined power requirement of the three LED panels, 96 W,
was four times lower than what one MH lamp required to operate.
Since LEDs were more energy-efﬁcient and more cost- and space-
effective than MH lamps and their ballasts, all subsequent indoor
experiments were conducted using LED lights exclusively.
Given that previous studies have indicated that inoculum size
could have a substantial effect on algae cultivation performance, it
was important to determine whether similar considerations
applied to our reactor system and target organism. For example,
Fig. 5. Outdoor cultivation of the marine microalga P. oculatum in the 150-L HBR. At the end of the 1st cultivation cycle, 90% of the culture volume was harvested and the residual
10% was used as inoculum to initiate the 2nd cycle. (a) Growth parameters (OD680, DW, and cell concentration) measured in HBR samples; (b) culture DO levels (in-situ sampling)
and nutrient (NO3eN and PO4eP) concentrations measured in HBR samples; and (c) continuous recording of solar irradiance on HBR surface, culture pH, and temperature. Error
bars show the standard deviation.
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Hallenbeck et al. [27] found that ﬁnal dry weight of Nannochloropsis
gaditana increased with inoculum size at low and moderate light.
Chen et al. [28] found that cell mass increased with inoculum size,
but that lipid content and triacylglyceride (TAG, a biodiesel pre-
cursor) percentage of total lipids decreased with inoculum size in
cultures of Nannochloropsis sp. Wang et al. [29] found that Nanno-
chloropsis oculata cultures with the lowest initial OD682 had the
highest growth rates at all light levels. Thus, optimal inoculum size
may depend on culture goals (cell mass or lipid production) and
culture conditions and may be species- or strain-speciﬁc [27e29].
Based on the results from our inoculum size experiment, we
determined that increasing inoculum size from 10% to 15% or 20%
did not affect growth signiﬁcantly (Fig. 4feh). Therefore, to reduce
the cost associated with larger inoculum size preparation, a 10%
inoculum level was adopted for subsequent indoor and outdoor
P. oculatum cultivations.
High production costs have been an obstacle to commercial-
scale algal biofuel production, so considering wastewater as a po-
tential source of nitrogen is an attractive proposition [18,19]. Three
popular nitrogen sources were tested: potassium nitrate, which is
commonly used in artiﬁcial growth media, ammonium chloride,
which is a common constituent of wastewaters and therefore
readily available and inexpensive, and urea, which is a widely used
inexpensive industrial feedstock and is also found in wastewaters.
Response to wastewater-derived nitrogen sources is reported to be
species-speciﬁc, as numerous species are able to grow as well or
better using urea as a nitrogen source as compared to using nitrate
[18,30,31]. Studies using ammonium as a nitrogen source have been
less straight forward: Lourenco et al. [32] in a study of 10 species of
marine microalgae found that some grew well and had larger cell
volumes (i.e., Isochrysis galbana and Synechococcus subsalsus), while
others failed to grow when provided ammonium as a nitrogen
source (i.e., Hillea sp. and Prorocentrum minimum). Other species of
green algae were able to grow on ammonium as a N source, but the
use of synthetic buffers (PIPES and HEPES) or KOH dosing was
required, when CO2 was also supplemented [33]. The use of syn-
thetic buffers or KOH, however, could become cost-prohibitive or
even toxic. It may also be fruitful to investigate the possibility of co-
culturing with ammonia-oxidizing bacteria [34]. Overall, urea from
wastewater may be a viable and sustainable source of nitrogen for
algal cultures [9,35], but the use of NH4Cl may be problematic
[5,33,36,37]. While response is largely species-speciﬁc, chlor-
ophytes in general tend to be the most tolerant [38], so there is the
potential to determine optimal culture conditions using urea and
ammonium species from wastewater as a nitrogen source for
P. oculatum.
No signiﬁcant differences between P. oculatum cultures grown
on nitrate and urea as nitrogen source were observed in our study;
thus, industrial urea could serve as a low-cost source of nitrogen for
algae cultivation. On the other hand, ammonium in the form of
NH4Cl, demonstrated signiﬁcant toxicity towards P. oculatum
growth necessitating the use of lower concentrations to prevent
growth inhibition based on ﬂask culture tests. To prevent such in-
hibition, ammonium was not added at full strength to the photo-
bioreactors at the beginning of the batch cultivations, but rather in
8 daily doses (aliquots). Even then, ammonium addition resulted in
about half the growth compared to the other N sources and dra-
matic decreases in culture pH were observed (Fig. 4e) that had a
negative effect on algal growth even though HEPES was supplied as
a buffer [33]. The toxicity of ammonium is probably due to the
translocation of protons out of the algae cells during uptake of
ammonium ions to maintain charge balance, causing a detrimental
decrease in the pH of the growth medium [33,36]. Using NH4Cl as a
nitrogen source fromwastewater streams is economically attractive
[5,33,37], but additional research is necessary to reduce toxicity to
the algal cells and buffer the pH variations adequately and cost-
effectively. Prior acclimation of the algal cells to ammonium
could improve its tolerance and pH regulation and thus enhance
algal growth performance [38].
Three pH levels, 7.0, 7.5, and 8.0, were tested to determine the
effect of pH on P. oculatum growth. CO2 was used to control the pH
by the pH-stat system at the selected pH set points. Since the
relative proportion of the inorganic carbon species in the medium,
CO2, HCO3, and CO32, depends on the pH of the culture, pH and
carbon availability could have a compounding effect on algae
growth. At high pH the HCO3 form is prevalent compared to CO2,
which is the preferred C source for algae [8]. Based on the results
from this experiment, P. oculatum growth did not vary signiﬁcantly
in the 7.0e8.0 pH range. While a deviation in OD started after the
11th day (Fig. 4k), overall cultures followed a similar growth
pattern. Cell mass productivity was a bit higher at pH 7.0 than at 7.5
and 8.0, which could be attributed to CO2 prevalence at the lower
pH. Furthermore, cell mass yields on nutrients were slightly higher
at pH 7.0. However, maintaining pH at 7.0 required double the ﬂow
rate of each CO2 pulse in the pH-stat system, which can lead to
increased amounts of undissolved CO2 that escapes the system and
thus lowers CO2 utilization efﬁciency. Previous research work re-
ports that the growth rate does not depend on pH levels within
these ranges for closely related Nannochloris species [39]. Addi-
tionally, Negoro et al. [40] reported that the tolerance of N. oculata
to pH changes between 7.0 and 8.0 allows for culturing without
strict pH control, a major advantage from a commercial standpoint.
Based on the above, themidpoint pH of 7.5 was selected for outdoor
P. oculatum cultivation in the HBR.
Our original 65-L HBR prototype used airlift systems for culture
mixing and gas diffusion [11]. Although that unit was successful in
cultivating a similar marine algal strain, Nannochloris atomus
(reclassiﬁed as Picochlorum atomus [12]), its energy consumption
was signiﬁcant, as it required compressed air for culture mixing.
Even at optimummixing velocities, the efﬁciency of air-lift systems
is usually less than 50% and the power consumption can be twice as
high compared to paddlewheels [8]. In the present improved HBR
designwe introduced an eight-blade paddlewheel to reduce energy
demand for mixing. The removal of the air-lifts created a need for
efﬁcient CO2 supply, which was addressed by employing a ceramic
micro-diffuser positioned at the bottom of the bioreactor directly
downstream from the paddlewheel. The paddlewheel rotation
speed of 0.5 Hz was selected for HBR operation for algae cultiva-
tions as no signiﬁcant increase in ﬂow velocity was observed above
that speed. Borowitzka and Moheimani [8] suggested a culture
circulation speed of 20e30 cm s1 to prevent algae cells from
settling, provide uniform light, and avoid thermal stratiﬁcation
phenomena in raceway ponds. Therefore, the attained average
velocity in the HBR of 20.4 cm s1 at 30 rpm should provide suf-
ﬁcient culture mixing to operate the unit efﬁciently. The energy
utilization for culture mixing at 30 rpm of the 150-L improved
prototype was only 4.7 W, which is considerably lower than air
compressor demand in general. The 150-L HBR ran continuously for
about 70 days without any leaks or mechanical issues caused by
sun, wind or rain. Furthermore, the paddlewheel operated
continuously without any motor overheating. The salinity of the
culture remained fairly stable throughout the outdoor cultivation
suggestingminimal water evaporation from the HBR and validating
its enclosed design.
The HBR and the growth medium were sterilized in situ using
sodium hypochlorite (household bleach) and the possible effects of
bleach sterilization of the HBR plastic material on its light trans-
mittance were assessed before the cultivations. Our previous tests
on the transparency and algal compatibility of bleached PE showed
less than 1% reduction in transparency and no effect on algal
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growth [11]. This study conﬁrmed that indeed there are no negative
effects of the chemical sterilization on the light transmittance of the
PE material. The visible light in general and the more relevant (to
photosynthesis) red and blue light can be transmitted efﬁciently
through the bleached PE of the HBR, which does not limit the
available sunlight. Furthermore, the algal compatibility results
veriﬁed that the addition of bleached PE did not cause any growth
inhibition to P. oculatum, thus chemical sterilization of the HBR is
considered harmless for algal growth.
Using the most promising cultivation conditions from an oper-
ating and cost standpoint, namely CO2 supply controlled by a pH-
stat system, nitrate as N source, inoculum 10% of culture volume,
and pH 7.5, we cultivated P. oculatum in the HBR outdoors at a
central Florida location and documented the bioreactor's perfor-
mance. During the two outdoor growth cycles, the HBR resulted in
highly reproducible algal growth (Fig. 5) with the added beneﬁted
of culture adaptation. The cell mass concentration reached
3.22 g L1 in the 2nd cycle, which was 19% higher than in the 1st
cycle. This cell mass density is comparable to that achieved in our
previous HBR prototype with P. atomus (N. atomus) [11] and is
typical of costly PBRs and considerably higher than in open raceway
ponds [5]. It is critical for process economics to achieve high ﬁnal
cell mass concentration to reduce the cost of downstream pro-
cessing (algae dewatering and recovery) [41]. The 2nd growth cycle
resulted in slightly higher algae productivity and ﬁnal cell mass
concentration probably due to algae adaptation to the outdoor
environmental conditions, such as light and temperature, and to
slightly more sun insolation. The HBR operated under conditions of
light intensity and ambient temperature that were realistic and
hence highly variable. Several days were cloudy or rainy, but most
were sunny. The total light recorded by the pyranometer on the
surface of the HBR was 12% more in the 2nd cycle, during March-
eApril, compared to the 1st cycle in FebruaryeMarch. Furthermore,
the average temperature in the 2nd cycle, 25.2 C, was higher than
in the 1st cycle, 20.0 C, during which a low of 3.7 C was also
brieﬂy observed during one cold night.
Another operating factor that could affect algae growth is the
level of dissolved oxygen in the HBR culture. Oxygen (O2) is
generated during photosynthesis and its accumulation can nega-
tively affect algal productivity [8]. The average DO levels were 36%
lower in the 2nd HBR cycle compared to the 1st cycle possibly in
part due to acclimation of the culture to the outdoor conditions. DO
concentrations above 300% of air saturation could be detrimental to
algal cells and therefore could reduce productivity [42]. The
average DO levels were 251% and 160% of air saturation in the 1st
and 2nd cycle, respectively, with apparently no loss of productivity.
However, the cell mass productivity was 25% higher in the 2nd
cycle, where lower DO levels were observed, but other factors could
also have attributed to that increase, such as higher light intensity,
more favorable temperatures, and culture acclimation in the 2nd
cycle. The airlift units in our previous HBR prototype, in addition to
culture mixing, provided a means of reducing the O2 concentration
in the culture below 100% of air saturation [11]. The current HBR
unit was able to operate without the need for additional oxygen
removal.
The average productivity achieved during the 2nd cycle was
5 g m2 d1 or 101 mg L1 d1, which is 25% higher than in the 1st
cycle, but high daily variations were observed in both cultivation
cycles. During indoor P. oculatum cultivations in the ﬂat panel
vertical photobioreactors, the overall average productivity was
higher, 8 ± 2 g m2 d1, probably due to well controlled and more
favorable conditions, such as temperature and light, or the lower O2
build-up due to air bubbling. The productivity in the outdoor HBR
operation was lower than the one achieved in our previous HBR
cultivations of P. atomus (N. atomus) [11], but the latter was
operated during the sunnier months of the year (March-
eSeptember) in Florida. Operating the HBR in more favorable
weather and reducing O2 accumulation could potentially increase
cell mass productivity.
It should be noted that the high-density algal growth in the HBR
over an extended period of time was achieved without any
contamination issues, although the systemwas exposed to outdoor
conditions. The enclosed design of the HBR system reduces
considerably the chances of contamination compared to open
systems. Contaminations with unwanted algae and/or other or-
ganisms is a common problem in open systems and can lead to
costly culture crashes, which are a signiﬁcant barrier to commer-
cialization of algal biofuels [43].
5. Conclusions
A novel low-cost modular horizontal bioreactor (HBR) was
developed for microalgae cultivation intended for biofuel and
bioproducts manufacture. High-density growth of the marine
microalgal strain P. oculatumwas achieved in the HBR without any
contamination issues over long periods of time under real-world
outdoor conditions. Growth was reproducible in consecutive
cultivation cycles and resulted in high cell mass productivity and
ﬁnal concentration. Possible acclimation of P. oculatum after the
ﬁrst cycle in addition to more favorable environmental conditions
may have also contributed to the higher cell mass concentration
and productivity in the subsequent growth cycle. By design, the
HBR achieves signiﬁcant cost savings in water and energy use
compared to conventional bioreactor systems.
Indoor studies of P. oculatum growth preceded the HBR runs in
order to optimize key growth parameters, such as nitrogen source,
inoculum size, and pH, whichwere subsequently adopted outdoors.
P. oculatumwas able to grow well in the entire pH range of 7.0e8.0.
Increasing the inoculum size above 10% did not yield better growth
performance, so using a small inoculum is recommended as it al-
lows higher throughput at commercial scale. Growth of P. oculatum
on urea and nitrate yielded comparable results. This means that
urea, a rather inexpensive bulk source of nitrogen, could serve as
nitrogen source in commercial HBR cultivations. In contrast,
ammonium was found to be inhibitory to P. oculatum cells and
therefore its usefulness as a nitrogen source (e.g. fromwastewaters)
requires additional research.
We continue our research on HBR design and algal growth
optimization. The design improvements implemented since our
original prototype, which was equipped with airlifts, led to lower
energy consumption and design robustness during lengthy outdoor
operation. Our next step is the scale-up and techno-economic
evaluation of a commercial-size HBR to assess the scalability of
the technology. Through algal strain selection and adaptation, as
well as with longer operating experience, we expect the HBR to
achieve even higher sustained productivity. The reactor shows
promise for large-scale algal cultivation and could thus help
advance the potential of algae as a cost-effective and sustainable
feedstock for renewable transportation fuels and bioproducts.
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of Hydrothermal Vent Chemolithoautotroph Thiomicrospira crunogena  
Note to reader:  This manuscript was submitted to the Journal of Bacteriology and was in review 
at the time of the dissertation.  
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ABSTRACT  
Many autotrophic microorganisms are likely to adapt to scarcity in dissolved inorganic 
carbon (DIC; = CO2 + HCO3
-
 + CO3
-2
) with CO2 concentrating mechanisms (CCM) which 
actively transport DIC across the cell membrane to facilitate carbon fixation.  Surprisingly, 
this trait has only been well-studied among cyanobacteria and microalgae.  Deep-sea vent 
gammaproteobacterial chemolithoautotroph Thiomicrospira crunogena has a low-DIC 
inducible CCM, though the mechanism for uptake is unclear, as homologs to 
cyanobacterial transporters are absent.  To identify the components of this CCM, 
proteomes of T. crunogena cultivated under low-and high-DIC conditions were compared. 
Twenty proteins, including those comprising carboxysomes, were present at > four-fold 
abundance under low-DIC conditions.  To identify whether any of the non-carboxysomal 
proteins might facilitate low-DIC growth, site-directed and random mutagenesis were used.  
Mutations in Tcr_0847, Tcr_0853, and Tcr_0854 resulted in a requirement for elevated DIC 
for growth.  Exposure to low-DIC conditions did not result in carboxysome synthesis for 
cells with a mutated Tcr_0847 gene, suggesting it may play a role in the assembly of these 
microcompartments.  Strains carrying mutated copies of Tcr_0853 and Tcr_0854 
overexpressed carboxysomes, and demonstrated a diminished ability to accumulate 
intracellular inorganic carbon.  Based on RT-PCR, Tcr_0853 and Tcr_0854 transcripts are 
cotranscribed and upregulated under low-DIC conditions.  The Tcr_0853 protein is 
predicted to have 13 transmembrane helices, and given the mutant phenotypes described 
above, it is plausible that Tcr_0853 and Tcr_0854 encode a two-subunit DIC transporter 
that does not belong to previously described transporter families, though it is widespread 
among autotrophs from multiple phyla. 
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IMPORTANCE  
The first step in food webs is the entry of dissolved inorganic carbon (e.g., CO2) into 
autotrophic cells, which then assimilate it into organic carbon.  Despite the importance of 
this step, and autotrophic microorganism presence in many phyla among the Bacteria and 
Archaea, the mechanism for dissolved inorganic carbon uptake has only been 
characterized for cyanobacteria.  In this work, proteins necessary for dissolved inorganic 
carbon uptake in deep-sea vent chemolithoautotroph Thiomicrospira crunogena are 
identified, and could form a novel transporter.  Homologs are present in 14 phyla in 
Bacteria and one phylum in Archaea, and many organisms carrying them are autotrophs, 
which could indicate that their role in facilitating dissolved inorganic carbon uptake and 
fixation extends well-beyond the Thiomicrospiras. 
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Food webs begin with the uptake and fixation of dissolved inorganic carbon (DIC; = CO2 + 
HCO3
-
 + CO3
-2
)  by autotrophic organisms of extraordinary physiological and phylogenetic 
diversity.  As befitting the broad phylogenetic distribution of autotrophic organisms within all 
three domains of life, multiple pathways are responsible for fixing and assimilating cytoplasmic 
DIC (1).  The mechanisms for the delivery of DIC from an aqueous environment, across the cell 
envelope, and to the cytoplasm are also likely to be extremely diverse, but have only been well-
characterized among the cyanobacteria (2), and some microalgae and aquatic plants (3).  Given 
that rates of DIC fixation can rival uptake rates (4), the mechanism for uptake could have an 
impact on autotroph growth rates, and food web productivity. 
 Thiomicrospiras contribute to food webs at hydrothermal vents, mud flats, and other  
sulfidinous habitats world-wide (5, 6).  These chemolithoautotrophic gammaproteobacteria are 
primarily mesophilic, and can use reduced sulfur compounds (e.g., hydrogen sulfide, thiosulfate) 
and sometimes hydrogen gas (7) as electron donors, and use oxygen as their terminal electron 
acceptor (8, 9).  They fix CO2 via the Calvin-Benson-Bassham cycle (10).   
 At deep-sea hydrothermal vents, rapid chemolithoautotrophic growth is complicated by 
habitat heterogeneity.  Sulfide and other electron donors are provided by warm (2 – 50°C) 
hydrothermal fluid, which is emitted from fissures in the basalt, while cold bottom water 
provides oxygen (11, 12).  Dilute hydrothermal fluid also carries high concentrations of DIC (up 
to 6 mM), with an acidic pH (~5) that elevates CO2 to 1 mM (12).  Due to the differences in 
temperature, the two bodies of water mix turbulently as they meet, and microorganisms attached 
to surfaces at the vents alternate between two conditions:  warm, reductant- and DIC-rich, and 
cooler, oxidant-rich, low-CO2 (13). 
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Despite the disjointed supply of nutrients in its hydrothermal vent habitat, Thiomicrospira 
crunogena, a common isolate, is one of the fastest-growing autotrophic microorganisms (14).  It 
is capable of sustaining this rapid growth in the presence of very low concentrations of DIC (15).  
Its genome encodes elaborate sensory capabilities (e.g., 14 methyl-acdepting chemotaxis 
proteins; (10), which likely helps it adjust to changes in its environment.  Specific adaptations to 
facilitate DIC uptake and fixation when CO2 is scarce include inducible changes in cellular 
affinity for DIC, and an ability to generate concentrations of intracellular DIC that are up to 100-
fold higher than extracellular (15). 
The mechanism for DIC uptake by T. crunogena has been elusive.  The T. crunogena 
genome does not contain any orthologs to genes known to encode the multiple bicarbonate and 
CO2-uptake systems well-characterized in cyanobacteria (10, 16).  It does encode the 
components of carboxysomes (shell proteins, carboxysomal ribulose 1,5-bisphosphate 
carboxylase/oxygenase (RubisCO) and carbonic anhydrase; (10)).  Carboxysomes are 
preferentially synthesized in chemolithoautotrophic cells when grown under low-DIC conditions, 
and their disruption results in a requirement for cultivation under high-DIC conditions (17).  In 
cyanobacteria, carboxysomes play a key role in a CO2-concentrating mechanism (CCM).  DIC 
uptake transporters create an elevated concentration of cytoplasmic HCO3
-
, which enters the
carboxysome, where carbonic anhydrase converts some to CO2, which is promptly fixed by 
carboxysomal RubisCO before it can diffuse from the cell (17). 
The T. crunogena genome does encode a periplasmic carbonic anhydrase, as well as a 
multitude of transporters, which have been hypothesized to play a role in DIC uptake.  However, 
the periplasmic carbonic anhydrase is not synthesized preferentially in response to low-DIC 
conditions, contrary to what might be expected if it were part of an inducible CCM.  
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Furthermore, inhibition of periplasmic carbonic anhydrase by acetazolamide did not hinder cells’ 
ability to create high intracellular DIC concentrations (18), which also suggests it does not 
facilitate DIC transport. 
Oligonucleotide microarrays were used to identify transcripts that were more abundant in 
T. crunogena cells cultivated under low-DIC conditions (19).  As expected, carboxysome genes 
were upregulated under these conditions (19).   Two other genes, Tcr_1019 and Tcr_1315, were 
also upregulated.  Both genes encode proteins that are predicted to have an amino terminal signal 
peptide or transmembrane alpha helix.  Tcr_1315 is predicted to encode a protein with a beta 
barrel configuration; coupled with the likely signal peptide, this protein probably resides in the 
outer membrane (19).  The development of an ability by T. crunogena to generate high 
concentrations of DIC in response to its scarcity in the growth medium is sensitive to rifampin, 
which suggests that DIC transporters are transcribed preferentially under low-DIC conditions 
(19).    Despite this, no genes predicted to encode transmembrane proteins were uncovered by 
microarray analysis. 
Inhibitors were utilized to clarify the mechanism of DIC uptake.  Intracellular DIC 
accumulation by T. crunogena cells was found to be sensitive to the inhibitors CCCP (carbonyl 
cyanide-m-chlorophenylhydrazone) and DCCD (N,N-dicyclohexylcarbodiimide), and therefore 
likely driven by either proton potential, ATP, or both (16).  This observation was consistent with 
inorganic uptake via an ATP-binding component (ABC) transporter, but when transcript 
abundances were assayed via qRT-PCR, these genes did not appear to be responsive to culture 
DIC concentrations (16).   
A proteomic approach was used here to inform site-directed and random mutagenesis. 
Genes Tcr_0853 and Tcr_0854 were determined to be necessary for growing under low-DIC 
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conditions and generating elevated concentrations of intracellular DIC, despite having no impact 
on carboxysome ultrastructure.  As assayed by RT-PCR, transcripts of these genes are more 
abundant under low-DIC conditions, when the genes are co-transcribed.  The phylogenetic 
distribution of homologs of these genes among autotrophs from several phyla, as well as their 
juxtaposition on the chromosome to genes encoding carboxylases and steps of metabolic 
pathways that consume dissolved inorganic carbon, strongly suggest an important role in DIC 
uptake by phylogenetically and physiologically  diverse  microorganisms. 
MATERIALS AND METHODS 
Summary of methods.  Protein profiles were compared for cells grown under DIC- and 
ammonium-limitation.  Genes encoding proteins that were more abundant under low-DIC 
conditions were targeted by site-directed mutagenesis, and random mutagenesis was also used to 
identify CCM components that might be constitutively expressed.  Mutant strains were assayed 
for their ability to grow under low-DIC conditions.  Those unable to grow under low-DIC 
conditions were further characterized with respect to carboxysome structure, and ability to 
generate elevated concentrations of intracellular DIC.  Genes essential for generating elevated 
concentrations of intracellular DIC were examined via qRT-PCR for changes in transcript level 
in response to DIC concentrations during growth. 
Growth Medium.  Thiomicrospira crunogena XCL-2 (10, 20) was grown in chemostats 
(New Brunswick Scientific BioFlo 110) in TASW medium, an artificial saltwater medium 
supplemented with 40 mM thiosulfate, and 100 mM Na HEPES to maintain pH 8 (15).  
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For site-directed and random mutagenesis, T. crunogena was grown under DIC limitation 
(0.1 mM DIC) in TASW with the NaCl content dropped to 20% (65 mM) in order to facilitate 
mating with Escherichia coli, which was grown in TYE medium (21) supplemented with 
kanamycin (25 mg/L). TCTYE medium, used for mating T. crunogena with E. coli, consisted of 
tryptone (10 g/L), yeast extract (5g/L), NaCl (3.8g/L), (NH4)2SO4 (0.8g/L), MgSO4·7H2O 
(1.4g/L), CaCl2·2H2O (0.2g/L), K2HPO4 (0.6g/L), NaHCO3 (4.2g/L), Na2S2O3 (anhydrous, 6.3 
g/L), NaHEPES (26g/L), agar (15g/L) and SL-8 (22). 
Influence of DIC on the Proteome.  T. crunogena was cultivated in four chemostats: 
two were DIC-limited (low-DIC), and two were NH3-limited (high-DIC), as described in (15).  
The NH3-limited chemostats contained 0.8 mM 
15
NH3Cl.  Once stable steady-state conditions 
had been attained, and the growth chamber (1L) had been replenished with five volumes (5L) of 
fresh medium from the reservoirs, cells were harvested via centrifugation (5,000g, 15 min, 4°C), 
and stored frozen at -80°C. 
  Each cell pellet was fractionated into soluble and membrane fractions.  Pellets were 
thawed and resuspended in 5 ml 50 mM TRIS pH 8, 10 mM MgSO4, 1 mM dithiothreitol, and 
subjected to four freeze-thaw cycles.  They were then sonicated with glass beads (5×30 sec on 
ice, 1 min resting period between sonications), and centrifuged (6,000g, 30 min, 4°C) to remove 
intact cells.  The pellets were re-subjected to freeze-thaw, sonication, and centrifugation to 
maximize extracted protein.  Supernatants from both cycles of treatment were combined and 
centrifuged to pellet membranes (75,000g, 30 min, 4°C).  Membrane pellets and supernatants 
from this second centrifugation step were carried forward for subsequent analysis.  Protein 
content for supernatant and membrane fractions was quantified (RC DC protein assay; Bio-Rad, 
Inc.).  Soluble fractions from unlabeled low-DIC cultures and 
15
N-labeled high-DIC cultures 
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were combined at a protein ratio of 1:1, resulting in two mixed soluble fractions (since two low-
DIC and two high-DIC chemostats were sampled).  The same procedure was undertaken for the 
membrane fractions as well.  
The four samples with mixed unlabeled and 
15
N-labeled fractions were measured using a
quantitative proteomics approach as described previously (23).  Briefly, after denaturation in 6 M 
guanidine and 10 mM dithiothreitol, proteins were digested into peptides using sequencing-grade 
trypsin (Promega Life Sciences). Peptides were cleaned up and concentrated using C18 solid-
phase extraction (Sep-Pak Plus, Waters). The peptide samples were analyzed using 12-step, split-
phase MudPIT (24).  The split-phase column consisted of a PicoFrit front column (New 
Objective) packed with 15 cm C18 reverse-phase resin (Aqua, Phenomenex) and a back column 
packed with 2 cm strong cation exchange resin (Luna, Phenomenex) and 2 cm C18 reverse-phase 
resin.  Two-dimensional LC separation was performed with 11 salt pulses, each of which was 
followed by a 2-h reverse-phase gradient elution. An LTQ-Orbitrap Elite instrument (Thermo 
Scientific) was used for data-dependent tandem mass spectrometry analysis with each high-
resolution full scan followed by 12 low-resolution MS/MS scans at 35% normalized collision 
energy. The MS/MS data were searched against a concatenated forward-reverse protein database 
constructed from the Thiomicrospira crunogena genome (10) in unlabeled and 
15
N-labeled
amino acids using SEQUEST (25) and DTASelect (26).  Selected ion chromatogram extraction, 
peptide abundance ratio estimation, and protein abundance ratio estimation were performed with 
ProRata as described (27, 28). 
This quantitative proteomics approach identified a protein encoded by Tcr_0854 that 
subsequent analyses suggested plays a role in DIC uptake, and appears to be contranscribed with 
Tcr_0853 (see Results and Discussion below).  Surprisingly, the protein corresponding to 
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Tcr_0853 was not detectable in protein profiles for low- and high-DIC cells.  To determine 
whether this protein was indeed synthesized by low-DIC cells, membrane preparations were 
subjected to SDS-PAGE analysis.  Coomassie-stained gel pieces were excised from the 
molecular weight region corresponding to approximately 50-75kDa. Gel pieces were minced and 
de-stained before being reduced with dithiothreitol (DTT) and alkylated with iodoacetamide 
(IAA), and finally digested with Trypsin/Lys-C overnight at 37˚C.  Peptides were extracted using 
50/50 acetonitrile (ACN)/H2O/0.1% formic acid, and dried in a vacuum concentrator 
(Labconco).  Peptides were resuspended in 98%H2O/2%ACN/0.1% formic acid for LC-MS/MS 
analysis.  Experiments were performed in triplicate. 
Peptides were separated using a 75 µm x 10 cm C18 reversed-phase-HPLC column (New 
Objective) on an EASY-nLC1000 (Thermo Fisher Scientific) with a 60 minute gradient (4-40% 
ACN with 0.1% formic acid) and analyzed on a linear ion trap-Orbitrap instrument (Orbitrap XL, 
Thermo Fisher Scientific).  Orbitrap full MS survey scans were acquired at 60,000 resolution.  
The top 10 most abundant ions were selected for MS/MS analysis in the linear ion trap. 
Raw data files were processed in MaxQuant (version 1.5.0.30, www.maxquant.org) and 
searched against the UniprotKB Thiomicrospira crunogena protein sequence database.  Search 
parameters included constant modification of cysteine by carbamidomethylation and the variable 
modification, methionine oxidation.  Proteins were identified using the filtering criteria of 1% 
protein and peptide false discovery rate.  
Mutagenesis.  Site-directed mutagenesis (29) was used to interrupt genes encoding 
proteins that were more abundant in cells cultivated under DIC limitation, to determine whether 
these genes might play a role in the T. crunogena CCM.  Additionally, a strain with a mutation in 
the gene encoding carboxysomal carbonic anhydrase was created (Tcr_0841, = csoSCA), 
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anticipating that this strain would be unable to grow under low-DIC conditions (30), and could 
therefore function as a positive control when screening for this phenotype.  A strain that could 
function as a negative control (capable of growth under low-DIC conditions) was generated by 
targeting a gene predicted to encode a conserved hypothetical protein located within a prophage 
(Tcr_0668).  Transcript abundance from this gene is insensitive to the concentration of DIC 
during growth (19), suggesting the protein product would be less likely to be part of a CCM.  
Based on results from random mutagenesis experiments (see Results), Tcr_0853 was also 
targeted. 
Target genes were PCR-amplified from T. crunogena genomic DNA using Taq 
polymerase (Qiagen Taq PCR Master Mix Kit) and primers directed to each gene (Integrated 
DNA Technologies, Inc.) which were modified at the 5’ termini to carry a BamHI restriction 
sequence (AGGATCC).  PCR products as well as a carrier plasmid (pcDNA3.1; Invitrogen, Inc.) 
were cleaved with BamHI.  Cleaved plasmids were treated with Antarctic alkaline phosphatase 
(New England Biolabs, Inc.); linearized dephosphorylated plasmids and PCR products were then 
purified via phenol/chloroform and ethanol precipitation.  Amplified target genes were then 
ligated into pcDNA3.1 (T4 Ligase; New England Biolabs, Inc.), and introduced into chemically 
competent E. coliTop10 cells (Invitrogen, Inc.).  Transformants were selected by growth on solid 
Luria agar supplemented with 100 mg/L ampicillin.  E. coli colonies were screened via PCR for 
the presence of one of the target T. crunogena genes.  Purified pcDNA3.1 plasmids carrying the 
target T. crunogena genes were subjected to EZ-Tn5-transposon mutagenesis (EZ-Tn5<kan-2> 
kit; Epicentre, Inc.), transformed into chemically competent E. coliTop10 cells (Invitrogen, Inc.), 
and selected by cultivation on solid Luria agar supplemented with ampicillin (100 mg/L) and 
kanamycin (25 mg/L).  Plasmids containing EZ-Tn5-interrupted T. crunogena genes were 
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purified, and mutated genes were sequenced to elucidate the position of EZ-Tn5-insertion 
(Macrogen, USA).  Plasmids carrying T. crunogena genes in which Tn5 was bracketed at 5’ and 
3’ ends by at least 200 nucleotides of the target T. crunogena gene were carried forward, to 
facilitate eventual RecA-mediated recombination into the T. crunogena genome (29). 
 Mutated genes were amplified from these plasmids using primers modified at their 5’ 
ends to include SpeI restriction sites (AACTAGT).  PCR products, as well as E. coli mating 
plasmid pLD55 (29), were digested with SpeI (New England Biolabs, Inc.), purified and ligated 
as described above.  This DNA was introduced into chemically competent E. coliBW20767 (29), 
which were then selected by plating onto solid Luria agar supplemented with 100 mg/L 
ampicillin and 25 mg/L kanamycin.   
To introduce mutated target genes into T. crunogena, these E. coli BW20767 cells were 
then mated with T. crunogena.  T. crunogena was cultivated in DIC-limited chemostats, 
harvested via centrifugation (14,000g, 5 min, 4°C) and resuspended at an OD600 of 20 in TASW 
medium. Escherichia coli strain BW20760, carrying plasmids with mutated T. crunogena genes, 
were grown to an OD600 of 0.7, washed twice in TASW and resuspended as described for T. 
crunogena above.  To mate the cells, 50 µl of a 1:1 T. crunogena/E. coli suspension was added 
to solid TCTYE medium. The suspension was allowed to dry and form a biofilm. Plates were 
incubated overnight at 32ºC under a 5% CO2 headspace. Biofilms were resuspended, washed 
three times with TASW, spread onto recovery plates (TASW medium + 25 mg/ml kanamycin) 
and incubated under a 5% CO2 headspace. 
 Kanamycin-resistant T. crunogena were screened for the presence of mutated target 
genes via PCR.  A single RecA-mediated crossover event between the plasmid carrying the 
mutated T. crunogena gene and the T. crunogena chromosome results in integration of the 
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plasmid into the T. crunogena chromosome; as a result, these cells are heterozygous, carrying 
two copies of the target gene: one wild-type and one lengthened by insertion of EZ-Tn5.  
Accordingly, T. crunogena strains with two bands from PCR using primers to the target genes 
were carried forward. 
 For some heterozygous mutants, the single RecA-mediated crossover event occurred 
upstream of the inserted transposon, resulting in the native promotor being adjacent to the 
mutated copy of the gene, followed by pLD55, and then the wild-type copy of the gene (MF, or 
‘mutant first’ configuration).  For those in which the crossover event occurred downstream of the 
inserted transposon, the native promotor remained adjacent to the wild-type gene, followed by 
pLD55, and then the mutated copy of the gene (WF, or ‘wild-type first’ configuration).  For each 
heterozygous mutant, the configuration of the insertion (MF or WF) was clarified using PCR 
primers directed to the gene’s native promotor and the 3’ end of the target gene.  MF strains had 
an elongated product, while WF strains had a product whose length was consistent with the wild-
type genome sequence.  
 These heterozygous strains were next cultivated under conditions favoring cells in which 
a second RecA-mediated crossover event had occurred, removing the plasmid and the wild-type 
copy of the gene (29).  Cells were cultivated under high-DIC conditions in liquid TASW (50 mM 
DIC, under 5% CO2 headspace) supplemented with 25 mg/L chlortetracycline (added before 
autoclaving; degradation products induce the tet
R
 gene without killing tet
S
 cells) and 25 mg/L 
kanamycin.  A set of 5 ml cultures was harvested via centrifugation and resuspended in TASW.  
A dilution series of the resuspended cells was plated on solid TASW medium supplemented with 
25 mg/L chlortetracycline (degraded by autoclaving), 25 mg/L kanamycin, and 6 mg/L fusaric 
acid, which preferentially destabilizes cytoplasmic membranes of cells expressing TetR (29).  
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The plates were incubated under a 5% CO2 headspace, and the most rapidly growing colonies 
from these plates were screened for loss of the wild-type target gene via PCR. 
 To complement the proteomics-informed site-directed mutagenesis efforts, random 
mutagenesis was utilized to identify CCM-related genes whose proteins might be constitutively 
expressed.  Wild-type Thiomicrospira crunogena cells, as well as E. coli BW20767 carrying 
plasmid pRL-27 (21), were prepared for mating as described above for site-directed mutagenesis.  
Plasmid pRL-27 contains a transposon (Tn5-RL27) that has a kanamycin resistance cassette as 
selectable marker. The transposase gene does not move with the transposon into the 
chromosome, resulting in a stable insertion.  
A high throughput assay suitable for screening the >6,000 mutant strains of T. crunogena 
resulting from random mutagenesis was used as an initial screen for loss of ability to grow under 
low-DIC conditions.  The assay was based on sulfuric acid production from thiosulfate by T. 
crunogena. Phenol red was added to TASW (P-TASW); growth resulted in growth medium color 
changing from red (pH 8) to yellow (pH < 6). Random knockout colonies were inoculated into 
96 well plates (200 µl P-TASW/ well) and placed in 5% CO2 headspace growth chambers at 
room temperature for approximately two weeks. Strains were then transferred into two new 96 
well plates containing either high or low-DIC P-TASW. High-DIC strains were grown under a 
5% CO2 headspace while low were kept at ambient (~.03% CO2). Strains that grew well under 
high-DIC conditions but were inhibited under low were selected for further investigation. Site-
directed mutants (described above; csoSCA-399-2XO; Tcr_0668-1614-WF) served as controls 
for the assay.  
It was anticipated that mutants whose carboxysomal genes were interrupted would be 
unable to grow under low-DIC conditions (30). To remove these mutants and focus on novel 
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CCM genes, each strain was screened with four PCR reactions, with four sets of primers which 
together covered the whole carboxysome operon (Tcr_0840-0846). Increased band size indicated 
an interruption within the operon. Strains that had wild-type carboxysome genes but were CO2 
sensitive were selected for further scrutiny.   To determine which gene had been interrupted in 
these mutant strains, arbitrary PCR was used, followed by sequencing of the PCR products, as in 
(31).   
Mutant Phenotype Characterization.  Mutant strains were screened for inability to 
grow under low-DIC conditions by cultivating them in 40 ml cultures of low (2 mM) and high 
(50 mM) DIC TASW supplemented with kanamycin (25 mg/L). Growth was monitored 
spectrophotometrically (OD600) until cells reached stationary phase.  Cultures of csoSCA-399-
2XO and Tcr_0668-1614-WF were grown in parallel, to serve as a negative control for growth 
under low-DIC conditions (csoSCA-399-2XO) and positive control for growth under low- and 
high-DIC conditions (Tcr_0668-1614-WF). 
To determine whether mutants that were unable to grow under low-DIC conditions had 
aberrant carboxysomes, cells were examined via transmission electron microscopy.  To prepare 
the cells, each strain was cultivated under high-DIC conditions in kanamycin-containing TASW.  
Once turbid, a 1 ml portion of each culture was preserved in 2.5% glutaraldehyde and 
refrigerated.  A second 1 ml portion of each high-DIC culture was added to 25 ml low-DIC 
medium (2 mM DIC, 25 mg/L kanamycin) and agitated overnight.  The following morning, cells 
were pelleted via centrifugation (14,000g, 5 min, 4°C), and resuspended in TASW and preserved 
as described above for the high-DIC samples.  These cells were prepared and stained for electron 
microscopy, and carboxysome numbers per square micron of cytoplasm in each cell were 
calculated as described in (19).  Carboxysome frequencies were binned into four categories (0, 
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>0 – 9.99, 10 – 19.99, >20); differences between strains were tested for statistical significance 
with a chi-square test. 
 To measure differences in DIC uptake and fixation by mutant strains, cells were 
cultivated in chemostats under NH3-limited (50 mM DIC) conditions, harvested via 
centrifugation (5,000g, 15 min, 4°C), and resuspended in 1 L low-DIC (2 mM DIC) medium, 
with pH and O2 maintained by the BioFlo 110 pH/dO2 module.  For two hours, cultures were 
monitored for continued consumption of O2, to verify that they remained viable, even if they 
were incapable of growth under these conditions.  When treated this way, wild-type cells induce 
a CCM (carboxysome synthesis, ability to generate elevated intracellular DIC concentrations; 
(19)).  Cultures were then harvested, washed, and resuspended in DIC-free TASW.  Cell 
suspensions were supplemented with 0.1 mg/ml bovine carbonic anhydrase and gently sparged 
with 1% O2/balance N2 for 5 min to remove residual DIC.  DIC uptake and fixation were 
measured via silicone oil centrifugation as described in (15). 
Transcription of Tcr_0853 and Tcr_0854.  qRT-PCR was used to determine whether 
Tcr_0853 and Tcr_0854 transcript abundance was sensitive to the concentration of DIC present 
during growth.  Wild-type cells were cultivated in DIC-limited and NH3-limited chemostats.  
After five vessel volumes had passed through the growth chamber, 30 ml portions were 
centrifuged (14,000g, 5 min, 4°C); cell pellets were flash-frozen with liquid nitrogen, and stored 
at -80°C.   
 To determine whether the two hour exposures to low-DIC conditions used above (DIC 
uptake and fixation experiments) affected transcription of these genes in wild-type and mutant 
strains, 30 ml portions were removed from the high-DIC cultures, as well as from the low-DIC 
cultures after two hours, and flash-frozen and stored at -80°C.   
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Total RNA was extracted from samples with the RiboPure-Bacteria kit (Ambion, Inc) 
and analyzed via gel electrophoresis to verify RNA quality (sharp 16S and 23S bands).  RNA 
was quantified via Nanodrop 1000 (Nanodrop Technologies), and the QuanitiTect SYBR Green 
RT-PCR kit (Qiagen, Inc.) was used in an Applied Biosystems Step One Real Time PCR 
System, with primers directed to Tcr_0853 and Tcr_0854, as well as csoSCA (positive control for 
CCM induction) and citrate synthase (Tcr_0530; calibrator for the 2
-Ct
 method).  After 
verifying similarity of primer efficiencies, and absence of DNA contamination via reverse 
transcriptase-free reactions, relative amounts of transcripts were calculated using the 2
-Ct
 
method.   For this method, fold-change was calculated as 2-CT, where CT =  CT,q – CT,cb, 
CT,q = (CT, target – CT,citrate synthase) for the RNA from the DIC-limited cells, and CT,cb = (CT, target – 
CT,citrate synthase) for the RNA from the NH3-limited cells (19, 32). 
To test for statistical significance in differences in fold-changes in expression of target 
genes among strains cultivated for two hours under low-DIC conditions, Grubb’s test was used 
to detect outliers (e.g., strains whose Ct values differed significantly from the others).  For 
finding outliers in Ct values for Tcr_0853 transcripts, Ct values from wild-type cells, and 
cells with mutations in Tcr_0668 or csoSCA, which are not anticipated to affect transcription of 
Tcr_0853 or Tcr_0854, were pooled, and Ct values from Tcr_0853-710-WF, Tcr_0854-737-
MF, and Tcr_0854-2006 were individually added to these pooled values, to determine whether 
any of them were sufficiently different from the other (pooled) values to be detected as an 
outlier.  This process was repeated for Tcr_0854 transcripts.  For csoSCA transcripts, Ct 
values from all types of cells were pooled, as mutations in Tcr_0853 and Tcr_0854 were not 
anticipated to affect csoSCA transcription.    
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 To determine whether Tcr_0853 and Tcr_0854 are co-transcribed, RNA was also 
subjected to RT-PCR as per the manufacturer’s recommendations (Qiagen One-Step RT-PCR 
kit), using primer sets that covered overlapping sequential ~1000 nt portions of the region 
spanning Tcr_0852 – Tcr_0855, and reverse transcriptase-free controls to check for DNA 
contamination.   RT-PCR reactions with primers directed to Tcr_0841, encoding carboxysomal 
carbonic anhydrase, were used to verify that cells were responding to low-DIC conditions (18), 
and reactions with primers targeting  Tcr_0350, encoding citrate synthase, were used as a 
positive control for RNA integrity, as this gene is transcribed under low- and high-DIC 
conditions (19).  RT-PCR amplicons were examined after subjecting the reactions to gel 
electrophoresis (TBE, 1% agarose) and staining with ethidium bromide. 
Phylogenetic distribution of Tcr_0853 and Tcr_0854  homologs.  The Integrated 
Microbial Genomes database (https://img.jgi.doe.gov/; (33)) was BLAST-queried using amino 
acid sequences predicted from Tcr_0853 and Tcr_0854 nucleotide sequences.  Genes were 
selected for further analyses if the homologs to Tcr_0853  and Tcr_0854 were adjacent to each 
other on the chromosome.  1746 gene pairs were winnowed down to 262 by selecting a single 
strain from each species, and selecting taxa that represented the full phylogenetic diversity of the 
homologs.  Tcr_0853 and Tcr_0854 homologs were aligned separately using MUSCLE (34), and 
then concatenated into a single alignment, which was subject to GBLOCKS using stringent 
criteria (35).  Maximum likelihood, as implemented in MEGA 6.0 (36), was used for 
phylogenetic analyses of aligned Tcr_0853, Tcr_0854, and concatenated sequences. 
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RESULTS 
 
Proteomics.  The proteome of wild-type T. crunogena was compared when cultivated in 
chemostats under low-DIC (DIC-limited) conditions versus high-DIC (NH3-limited) conditions.  
Twenty proteins were substantially more abundant (log2 ratios greater than two) in both soluble 
fractions, and/or both membrane-associated fractions (Table 1; all data are present in Table S1). 
   For cells cultivated under DIC-limited conditions, carboxysome-associated proteins 
(shell, RubisCO, carbonic anhydrase) were more abundant, as expected (Table 1; (19)).  Fifteen 
other proteins were also found to be more abundant, including three proteins expressed from the 
prophage, five proteins encoded by genes downstream from the carboxysomal genes, and several 
others scattered on the chromosome, including some porins (Table 1).  The protein encoded by 
Tcr_0853, which was not detected by the quantitative proteomics approach, was detected by 
mass-spectrometric analysis of SDS-PAGE separated membrane extracts from cells cultivated 
under DIC-limited conditions.  The protein encoded by Tcr_0853 was identified by 3 unique 
peptides (false discovery rate <1%; Fig. S1).  Many of the proteins that were more abundant in 
the high-DIC, NH3-limited cultures reflect NH3-scarcity in the growth medium (cyanate lyase, 
several urea uptake and urea metabolism proteins, P-II proteins), as well as non-carboxysomal 
RubisCO enzymes (Table 2).   
Mutagenesis.  In addition to the two site-directed mutant strains used as controls 
(Tcr_0668-1614-WF and csoSCA-399-2XO), heterozygous site-directed mutant strains of T. 
crunogena were successfully constructed for 13 of the 15 noncarboxysomal genes identified by 
the proteomics work.  Tcr_0853 was also targeted because it encodes a protein with twelve 
117 
 
predicted transmembrane helices (TMHMM) and a signal peptide (SignalP), and is in an 
apparent operon with Tcr_0854 immediately downstream from the carboxysome operon. 
For most, both MF (mutant gene first) and WF (wild-type gene first) heterozygous strains 
were generated.  Site-directed mutant strains that had undergone a second crossover event (which 
removed the wild-type gene) were isolated for three of these genes (Table 3), but the others 
remained heterozygous despite multiple attempts to cure them of the Tet
R 
marker.  For Tcr_1841 
and Tcr_1994, multiple attempts to create any site-directed mutants failed; perhaps these genes 
need to be intact for cells to be viable.   
Random mutagenesis resulted in over 6,900 strains that were screened for diminished 
ability to grow under low-DIC conditions. 
Mutant phenotypes.  For the site-directed mutants, mutations in csoSCA, Tcr_0847, 
Tcr_0853, and Tcr_0854 resulted in strains that could not grow under low-DIC conditions (Table 
3).  Ten strains from the library of randomly-generated mutants were unable to grow under low-
DIC conditions; for 9 of these, Tn5-RL27 had inserted into the carboxysome operon.  The 10th 
strain had an insertion in Tcr_0854 (Tcr_0854-2006; Table 3). 
 In order to elucidate whether hindered growth under low-DIC conditions was due to 
defective carboxysomes, strains exhibiting this trait were examined via transmission electron 
microscopy.  When cultivated under high-DIC conditions, carboxysomes were absent in all 
strains (data not shown).   When cultivated under low-DIC conditions, all strains had frequencies 
of carboxysomes that were statistically significantly different from Tcr_0668-1614WF (Chi-
square, p < 0.05).  For mutant strains with genes present within or immediately downstream from 
the carboxysome operon (csoSCA-399-2XO and Tcr_0847-217-MF), carboxysomes were 
essentially absent  (Fig. 1).   For strains with mutations in Tcr_0853 and Tcr_0854, carboxysome 
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morphology was identical to wild-type and Tcr_0668-1614WF, suggesting normal carboxysome 
function in these strains.  Interestingly, carboxysomes in these cells were particularly abundant, 
with numbers of cells whose carboxysome counts falling in the highest category (>20) exceeding 
what was observed for Tcr_0668-1614WF (Fig. 1).    
The mutant strains that synthesized carboxysomes under low-DIC conditions differed 
markedly in their abilities to accumulate and fix DIC.  Tcr_0668-1614-WF is capable of 
accumulating intracellular DIC and fixing carbon similarly to wild type T. crunogena (15).  
Intracellular DIC concentrations were >40X higher than extracellular (0.1 mM) and carbon was 
fixed (Fig. 2), confirming that Tcr_0668 does not play a role in the T. crunogena CCM, and that 
plasmid and transposon insertion into the chromosome do not interfere with DIC uptake and 
fixation.  In contrast, csoSCA-399-2XO, while capable of generating intracellular DIC to 
concentrations similar to Tcr_0668-1614-WF, had a substantially lower level of carbon fixation 
(Fig. 2, Tukey’s test, p < 0.05), which is consistent with diminished carboxysomal carbonic 
anhydrase activity (30).  Mutants with interruptions in Tcr_0853 and Tcr_0854 also had lower 
levels of carbon fixation (Fig. 2); they also had diminished concentrations of intracellular DIC (p 
< 0.05). 
Transcription of Tcr_0853 and Tcr_0854.  In wild-type cells, transcript abundances for 
Tcr_0853, Tcr_0854, and csoSCA were markedly higher under DIC-limited conditions in 
chemostats (Table 4).  This was also the case when wild-type cells were exposed to low-DIC 
conditions for two hours (Table 5).   
Likewise, strains carrying mutated copies of Tcr_0853, Tcr_0854, and to a lesser extent, 
csoSCA, had elevated levels of transcripts of csoSCA when shifted to low-DIC conditions for two 
hours (Table 6).  Based on Grubb’s test (described above in Methods), mutant strains Tcr_0853-
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710-WF and Tcr_0854-737-MF had smaller increases in transcript abundance from Tcr_0854  
than the others (Table 6), which is consistent with a polar mutation in Tcr_0853-710-WF, and 
insertion of pLD55 upstream (at nucleotide 710) of the qRT-PCR amplicon position (nucleotides 
1200-1339) in Tcr_0854-737-MF.  The Ct value for Tcr_0854 in strain Tcr_0854-2006 was 
not affected, probably because insertion of Tn5-RL27 (at nucleotide 2006) was downstream of 
the amplicon position.   
Interestingly, transcript abundance corresponding to the region of Tcr_0853 targeted by 
qRT-PCR primers in mutant strain Tcr_0853-710-WF appears to have diminished somewhat, 
though not to statistical significance.  In this heterozygous strain, the native promotor is adjacent 
to the wild-type copy of Tcr_0853, and likely facilitates continued transcription of this gene. 
The similarity in fold-increases in transcript abundance from Tcr_0843 and Tcr_0854 in 
wild-type cells, as well as their juxtaposition (Tcr_0854 has a start codon that overlaps with the 
stop codon of Tcr_0853), is consistent with co-transcription, as are RT-PCR products targeting a 
potential polycistronic mRNA transcribed from these genes.  For cells grown under low-DIC 
conditions, RT-PCR products are visible for transcripts from Tcr_0852, Tcr_0853, and 
Tcr_0854, but not for the Tcr_0855 (Fig. 3).  When using primers designed to produce amplicons 
spanning sequential genes, RT-PCR products were only visible when spanning Tcr_0853 and 
Tcr_0854, suggesting these genes are cotranscribed.  For cells grown under high-DIC conditions, 
RT-PCR products are not visible for Tcr_0852 – Tcr_0855, which is consistent with their 
transcripts being less abundant than in low-DIC cells.  Citrate synthase transcripts were, 
however, successfully amplified from both low- and high-DIC cells, suggesting RNA purified 
from high-DIC cells was of sufficient quality for transcripts to be detected (Fig. 3).   
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Phylogenetic distribution of Tcr_0853 and Tcr_0854 homologs.  Genes homologous to 
Tcr_0853 and Tcr_0854 are widespread, present in sequenced genomes from 14 phyla from 
Bacteria and one phylum from Archaea.  The phyla Proteobacteria, Firmicutes, Actinobacteria, 
and Euryarchaeota are particularly well-represented  (Fig.4, Fig. S2).  The phylogenetic tree 
constructed from the concatenated alignment of Tcr_0853 and Tcr_0854 homologs (Fig. 4) was 
congruent with trees generated from each gene individually (data not shown).  Homologs to 
Tcr_0853 and Tcr_0854 fall into three large clusters (Fig. 4; Fig. S2).  Most of the homologs 
from Thiomicrospiras fall into cluster I.  The sole exception, Thiomicrospira Milos-T1, has an 
additional set of homologs in cluster III. 
 
 
DISCUSSION  
 
Proteins differentially expressed in T. crunogena cultivated under low-DIC conditions included 
components typical for a CCM (carboxysome-associated) and also some novel additions that 
may play a role in DIC uptake (porins, transport proteins; Table 1, Table S1).  In most cases, 
these proteins correlate with genes with elevated transcript abundances under low-DIC 
conditions (Table 6; assayed via oligonucleotide array; (19)).  A few with abundant transcripts 
could not be detected in the proteome (Table 6); either their expression was post-
transcriptionally regulated, or they were present but not quantified due to analytical limitations.  
This appears to have been the case for the protein encoded by Tcr_0853, as it was detected by 
subsequent SDS-PAGE-based analysis (Fig. S1).  In a few other cases (e.g., Tcr_0692), some 
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transcripts slightly less abundant under low-DIC conditions appeared to be translated more 
avidly in these cells, which may also indicate post-transcriptional regulation. 
Interrupting Tcr_0847 had a deleterious effect on growth in low-DIC medium.  These 
cells did not synthesize carboxysomes when exposed to low-DIC conditions (Fig. 1).  This gene, 
adjacent to and perhaps part of the carboxysome operon, encodes a bacterioferritin-family 
protein with homologs found in carboxysome operons from many organisms (37), but whose 
function has not been elucidated.   
 Surprisingly, mutating Tcr_0848 did not prevent growth under low-DIC conditions, 
although it is homologous to genes encoding proteins that assist in carboxysomal RubisCO 
assembly in other organisms (38).  Perhaps other cell chaperonin proteins compensated for its 
loss.  Growth by Tcr_0848 mutants precludes the possibility that the high-DIC-requiring 
phenotype of Tcr_0847 mutants was due to a polar effect.  Also surprisingly, mutating Tcr_0852 
also did not result in a high-DIC requiring phenotype.  This gene encodes a LysR-type regulatory 
protein.  In other autotrophic microorganisms, some of these proteins are positive effectors for 
carbon fixation and CCM genes (39, 40).  Since mutating Tcr_0852 had no apparent effect on 
growth under low-DIC conditions, other positive effectors might have replaced it.  Alternatively, 
some LysR-type regulatory proteins repress expression of components of CCMs (reviewed in 
(39); if this is the case for the LysR protein encoded by Tcr_0852, mutating it might have 
resulted in constitutive expression of CCM components. 
 The low-DIC induced protein encoded by Tcr_0854 clearly plays a role in DIC uptake.  
Transposon-mediated interruption of this gene at either of two positions (nucleotides 737 or 
2006), or the gene Tcr_0853 immediately upstream, results in loss of ability to generate elevated 
concentrations of intracellular DIC, as well as a diminished ability to fix CO2 (Fig. 2), resulting 
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in an inability to grow under low-DIC conditions (Table 3).  In these mutants, RubisCO activities 
are similar to Tcr_0668-1614-WF (data not shown), as is carboxysome morphology (Fig. 1), 
indicating the effect is independent of the functioning of these microcompartments.  
Interestingly, carboxysome numbers in the cells are enhanced (Fig. 1), perhaps in an attempt to 
compensate for the lower concentrations of intracellular DIC (Fig. 2).   
The role of Tcr_0854 is unclear based on its sequence alone, as it belongs to PFam10070 
(http://pfam.xfam.org/family/PF10070), which consists of a family of conserved proteins whose 
function is unknown.  A potential function is suggested by adjacent gene Tcr_0853.  Tcr_0854 is 
cotranscribed with Tcr_0853 (Fig. 3), and both have greatly enhanced transcript abundances 
when cells are grown under low-DIC conditions (Table 4), suggesting a potential role in a CCM.  
Given that Tcr_0853 is predicted to have 12 transmembrane helices, it is possible that Tcr_0853 
and Tcr_0854 act together to transport DIC.  Matches to Tcr_0854 from multiple bacterial phyla 
(gathered via BLAST from the Integrated Microbial Genomes database; http://img.jgi.doe.gov/) 
usually have homologs of Tcr_0853 adjacent to them on the chromosome, suggesting that the 
protein encoded by Tcr_0853 and homologs plays a role in the function of Tcr_0854.  Indeed, in 
some taxa, a single fused gene is present in which the 5' end is homologous to Tcr_0853, and the 
3' end is homologous to Tcr_0854 (Fig. 5). 
Tcr_0853 belongs to PFam00361 (http://pfam.xfam.org/family/PF00361), comprised of 
membrane-spanning proton transporters and their homologs.  Included in this family are the 
proton-translocating subunit from both the NADH dehydrogenase complex (synonyms include 
NuoL, ND5, and NdhF; (41) and a subunit from Mrp-type Na
+
/H
+
 antiporters (42).  Also
included are the transmembrane subunits from the CO2 uptake systems present in some 
cyanobacteria (43).  Genes encoding the other subunits of the Mrp-type Na
+
/H
+
 antiporter, as
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well as the cyanobacterial CO2 uptake systems (CupA/ChpY or CupB/ChpZ) are absent from the 
T. crunogena genome, which suggests a different role for Tcr_0853. 
 One model for Tcr_0853/Tcr_0854 is that together they act as a proton-DIC symporter.  
This model is consistent with inhibitor studies of DIC uptake (16).  Collapsing the proton 
potential with the protonophore carbonyl cyanide m-chlorophenylhydrazone (CCCP) resulted in 
low intracellular DIC concentrations, as would be expected if a proton-DIC symporter was 
responsible for generating elevated concentrations of intracellular DIC.  N, N’-
dicyclohexylcarbodiimide (DCCD) addition also diminished intracellular DIC concentrations, 
and this was taken to indicate that DIC uptake was linked to the intracellular ATP pool, since this 
compound inhibits ATP synthase (16).  DCCD can also interact with NADH dehydrogenase, 
where it has been shown to bind to the hydrophobic subunits of this complex (44).  This has been 
well-established for NuoH (45), but incubating the complex with 
14
C-DCCD results in labeling 
of multiple hydrophobic subunits (44).  It is possible that Tcr_0853 also binds DCCD, and its 
DIC uptake activity inhibited.  It is also possible that Tcr_0854 and perhaps Tcr_0853 stimulate 
DIC uptake via other mechanisms.  They may act as a Na
+
/H
+
 antiporter that could create a Na
+
 
gradient to power DIC uptake via a separate Na
+
/HCO3
-
 symporter. 
Genome data suggest that Tcr_0853 and Tcr_0854 homologs play a role in DIC uptake in 
several phyla.  Genomes of many of the organisms carrying homologs to Tcr_0853 and 
Tcr_0854 also carry genes encoding steps of autotrophic carbon fixation pathways (Fig. 4; Fig. 
S2).  Among them are many Proteobacteria that carry form I or form II RubisCO genes (active 
in the Calvin-Benson-Bassham cycle (46)), Chloroflexi with genes encoding propionyl-coA 
carboxylase, necessary for the hydroxypropionate cycle (47, 48), and many members of 
Nitrospirae and Aquificae with ATP-dependent citrate lyase genes, a key enzyme of the 
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reductive citric acid cycle (rCAC; (49).    Further, Tcr_0853 and Tcr_0854 homologs are often 
juxtaposed to genes encoding carboxylases (RubisCO; oxoacid: acceptor oxidoreductase (rCAC 
carboxylases), and other enzymes that consume DIC (carbonic anhydrase), or enzymes that are 
from biosynthetic pathways that consume DIC (purine synthesis; Fig. 5).    
Other genes found nearby include those needed to respond to low-DIC conditions, such 
as those encoding the subunits of glycolate dehydrogenase, used to metabolize the glycolate 
generated by the RubisCO oxidase reaction (50). In many organisms, Tcr_0853 and Tcr_0854 
homologs are found near genes encoding carboxysomes.  Sometimes genes encoding predicted 
permeases are nearby as well (Fig. 4, Fig. 5).  This juxtaposition, and the genes' widespread 
occurrence in autotrophs, suggest that these genes might play a role in DIC uptake in a diverse 
group of organisms, including autotrophic representatives throughout the Proteobacteria, and 
much farther afield, the phyla Firmicutes, Actinobacteria, Aquificae, Chloroflexi, and Nitrospira.   
 Identifying a potential DIC transporter, particularly one that is present in many 
autotrophs in four phyla, will be quite helpful to understanding the activities of these organisms 
in situ.  Given that some of these organisms are responsible for acid mine drainage 
(Acidithiobacillus spp., Leptospirillum spp.), while others (Thiomicrospiras) are common, and 
sometimes dominant, at hydrothermal vents (51), it will be of interest to determine the degree to 
which active transport of DIC facilitates their growth in nature.   
 DIC transporters from cyanobacteria are currently being considered for bioengineering 
autotrophic organisms to produce compounds of industrial interest (52).  Adding transporters 
from autotrophs beyond the cyanobacteria would expand the versatility of these bioengineered 
organisms, given the growth of these organisms in a very broad range of environmental 
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conditions (e.g, pH) and the differences in transporter structure, which may make them more 
robust to industrial processes. 
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FIGURE LEGENDS 
FIG 1 Carboxysome abundance in mutant strains of T. crunogena cultivated under low-DIC 
conditions.  Carboxysomes are apparent as round, regularly-sized electron-dense inclusions 
within cells.  None are visible in transmission electron micrographs of strains csoSCA-399-2XO 
or Tcr_0847-217-MF.  Histograms depict percent of cells with a given number of carboxysomes 
per square micron of cytoplasm transected in the electron micrographs, with n = number of cells 
examined. 
FIG 2  Intracellular dissolved inorganic carbon (DIC) accumulation and fixation by mutant 
strains of T. crunogena.  Mutant strains are described in the Table 3.  Error bars represent the 
standard errors of the values, and letters indicate values that differ from the others significantly 
(Tukey’s test, p <0.05). 
FIG 3   Cotranscription of Tcr_0853 and Tcr_0854  in wild-type T. crunogena cells cultivated in 
chemostats under low- and high-DIC conditions.  Agarose gel-electrophoresed, ethidium 
bromide-stained, RT-PCR amplicons are shown for each RT-PCR target, in five lanes: 1) 
genomic DNA, 2) cells cultivated under low-DIC conditions, 3) cells cultivated under low-DIC 
conditions, reverse transcriptase-free control, 4) cells cultivated under high-DIC conditions, 5) 
cells cultivated under high-DIC conditions, reverse transcriptase-free control.  Transcription of 
Tcr_0841 (csoSCA) was monitored to verify CCM induction; Tcr_0350 was targeted to verify 
that mRNA was of sufficient quality to act as a RT-PCR template. 
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FIG 4  Maximum likelihood phylogenetic analysis of concatenated alignments of Tcr_0853 and 
Tcr_0854 homologs.  Two representations of the same tree are shown, with clade I (A) or clade 
III (B) expanded.  Bootstrap values from 1000 resamplings of the alignment are indicated when 
they exceeded 70%.  Branches are color-coded by the class or phylum of the taxa; a few phyla  
represented by only one or two taxa are listed here:  Cyanobacteria: Obscuribacter phosphatis; 
Nitrospina: Nitrospina gracilis; Deinococcus-Thermus:  Deinococcus misasensis and 
Marinithermus hydrothermalis T1; Verrucomicrobia:  Verrucomicrobium spinosum DSM 4136; 
Chlamydiae:  Simkania negevensis Z.  Thiomicrospiras are indicated by taxon names in boxes.  
Numbers preceding taxon names are gene object ID numbers from the Integrated Microbial 
Genomes database (http://img.jgi.doe.gov/), corresponding to the Tcr_0854 homolog of each 
pair.  Letters after taxon names indicate the presence of genes encoding the following in the 
genomes:  A,  and subunits of ATP-dependent citrate lyase; CS, carboxysome structural and 
enzyme components; OAOR, oxoacid:acceptor oxidoreductase; P, propionyl-CoA carboxylase; 
purine, genes encoding steps of purine biosynthesis; R, form I or II RubisCO.  Letters in 
parentheses indicate that these genes are adjacent to those encoding the Tcr_0853/Tcr-0854 
homologs.  Collapsed clades are labeled by the dominant phyla or classes present in the clade, 
and are expanded in Fig. S2. 
 
FIG 5  Juxtaposition of Tcr_0853 (yellow) and Tcr_0854(red) homologs to genes encoding 
enzymes that consume dissolved inorganic carbon, and associated pathways or cellular 
structures.  For Acidimicrobium ferrooxidans, the Tcr_0853 and Tcr_0854 homologs exist as a 
single fused gene.  Gene maps are organized by the phylogeny of the Tcr_0853 and Tcr_0854 
homologs; the tree in the center of the figure is the same as in Fig. 4, with clades collapsed.  
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'OGOR' is oxoglutarate:ferredoxin oxidoreductase, whose substrate (oxoglutarate) has been 
empirically determined (53).  The alpha keto organic acid substrate for 'oxoacid oxidoreductase' 
has not been characterized.  Taxon names include class or phylum in parentheses. 
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TABLE 1  Proteins more abundant when cells were cultivated under DIC-limitation 1 
 2 
Sample
a
 Log2 ratio
b
 95% CI 
Quantified 
peptides Locus tag and description 
S1 4.8 4.4 – 5.5 13 Tcr_0681 Hypothetical protein (prophage)  
S2 2.8 1.9 – 3.7 2 
 M1 4.7 4.5 – 4.9 41 Tcr_0682 Hypothetical protein (prophage) 
M2 2.7 2.4 – 3.0 30 
 S1 3.3 2.7 – 7.3 7 Tcr_0692 Hypothetical protein (prophage) 
S2 3.7 0.1 – 4.2 4 
 S1 7.3 7.1 – 7.3 185 Tcr_0838 Carboxysomal Form I RubisCO CbbL   
S2 5.1 4.9 – 5.4 134 
 S1 6.7 4.0 – 7.2 9 Tcr_0839 Carboxysomal Form I RubisCO CbbS   
S2 7.2 4.1 – 7.2 6 
 M1 4.5 4.2 – 7.1 53 Tcr_0840 Carboxysome shell protein CsoS2   
M2 6.3 6.1 – 6.6 72 
 M1 4.6 4.2 – 4.9 15 Tcr_0841 Carboxysome shell protein CsoSCA   
M2 4.2 3.8 – 6.7 19 
 S1 5.8 5.2 – 6.4 11 Tcr_0842 Carboxysome shell protein CsoS4A 
S2 6.4 6.0 – 6.9 7    
M1 3.7 3.0 – 7.1 12 Tcr_0847 Bacterioferritin-family protein   
M2 5.5 5.1 – 5.8 16   
S1 4 3.0 – 7.3 5 Tcr_0848 -carboxysome RubisCO assembly factor 
S2 5 2.5 – 5.6 6 
 S1 4.6 4.3 – 4.9 17 Tcr_0850 Ham1-like protein   
S2 6.7 6.3 – 7.2 8 
 S1 3.1 2.2 – 3.6 11 Tcr_0852 LysR family transcriptional regulator  
S2 3.1 2.7 – 3.5 14 
 M1 2.4 2.2 – 2.7 31 
 M2 2.8 2.6 – 3.1 30 
 M1 5.5 5.1 – 6.8 22 Tcr_0854 Conserved hypothetical protein, DUF2309   
M2 5.6 5.2 – 5.9 37 
 S1 2.3 1.5 – 7.3 4 Tcr_1018 CobQ/CobB/MinD/ParA nucleotide binding domain protein 
S2 3.4 2.6 – 7.2 3 
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S1 3.6 3.3 – 4.2 10 Tcr_1315 Porin   
S2 3.8 3.2 – 4.4 2 
M1 2.1 1.7 – 2.6 8 Tcr_1841 Ferrous iron transport protein B   
M2 2.2 1.5 – 4.5 9 
M1 4.9 1.1 – 5.5 2 Tcr_1994 TonB-dependent receptor   
M2 2.7 2.1 – 3.2 3 
S1 3 2.8 – 3.2 42 Tcr_2157 Sulphur relay, DsrE/F-like protein 
S2 2.2 2.0 – 2.4 33 
M1 3.1 2.9 – 3.2 51 
M2 2.5 2.3 – 2.6 66 
S1 4 3.8 – 4.2 56 Tcr_2158 Sulphur relay, DsrE/F-like protein 
S2 3.5 3.3 – 3.7 42 
M1 4.1 3.8 – 4.3 34 
M2 3.2 3.0 – 3.5 35 
S1 2.9 2.8 – 3.1 81 Tcr_2159 Porin  
S2 2.2 2.0 – 2.4 61 
M1 3.1 3.0 – 3.2 264 
M2 2.5 2.4 – 2.6 345 
3 
a
S1, S2: combined soluble fractions from a low- and high-DIC culture (e.g., S1 consisted of a soluble fraction from cells cultivated in one low-DIC 4 
chemostat combined with a soluble fraction from cells cultivated in a high-DIC chemostat; S2 is a biological replicate of S1); M1 and M2 are 5 
corresponding values from membrane-associated fractions. 6 
7 
b
Log2 ratio was calculated as the log2 of the ratio of abundances of quantified peptides for cells cultivated under low-DIC conditions/high-DIC 8 
conditions.   9 
10 
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TABLE 2  Proteins more abundant when cells were cultivated under NH3-limitation  11 
 12 
Sample
a
 Log2 ratio
b
 95% CI 
Quantified 
peptides Locus tag and description 
S1 3.0 2.6 – 3.4 21 Tcr_0040 Cyanate lyase   
S2 3.4 3.1 – 3.7 18 
 S1 3.3 2.8 – 3.7 22 Tcr_0423 RubisCO activation protein CbbQ 
S2 3.7 3.2 – 4.1 20 
 M1 3.1 2.9 – 4.3 28    
M2 4.0 3.8 – 4.3 39    
S1 3.1 3.0 – 3.3 168 Tcr_0424 Form II RubisCO  CbbM 
S2 4.6 4.5 – 4.8 149    
M1 3.2 3.0 – 3.5 28 
 M2 4.3 4.1 – 4.6 49 
 S1 4.0 3.9 – 4.2 174 Tcr_0427 Form I RubisCO CbbL   
S2 4.4 4.2 – 4.5 108 
 M1 4.3 3.9 – 4.6 33 
 M2 4.4 4.1 – 4.6 35 
 S1 4.1 4.0 – 4.2 97 Tcr_0428 Form I RubisCO CbbS   
S2 4.5 4.4 – 4.6 80    
M1 4.1 3.9 – 4.4 35 
 M2 4.9 4.7 – 5.1 41    
M1 2.0 1.8 – 2.1 75 Tcr_0429 RubisCO activation protein CbbQ 
M2 2.0 1.8 – 2.1 85 
 S1 3.1 2.1 – 6.7 8 Tcr_0430 RubisCO activation protein CbbO 
S2 3.1 2.3 – 6.8 8 
 M1 2.7 2.0 – 3.4 7 
 M2 2.4 1.7 – 3.5 5 
 S1 2.3 1.8 – 2.9 7 Tcr_0772 HAD-superfamily hydrolase   
S2 2.3 1.3 – 6.8 5 
 S1 6.1 5.7 – 6.4 9 Tcr_1339 Nitrogen regulatory protein P-II (GlnB, GlnK)   
S2 5.5 4.9 – 6.8 5 
 M1 4.1 3.7 – 4.7 5 
 M2 33 2.8 – 3.8 3 
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M1 3.4 2.7 – 6.9 4 Tcr_1417 Short chain amide and urea porin (SAP) family protein   
M2 2.0 0.8 – 6.9 2    
S1 6.7 6.3 – 6.7 53 Tcr_1499 Nitrogen regulatory protein P-II (GlnB, GlnK)   
S2 5.3 5.0 – 5.6 40    
M1 6.9 5.0 – 6.9 40    
M2 5.8 5.6 – 6.0 55 
 S1 3.6 3.2 – 4.0 5 Tcr_1790 Urea carboxylase-associated protein 2 
S2 3.2 2.8 – 3.6 6 
 S1 3.9 1.8 – 4.5 5 Tcr_1791 Urea carboxylase-related aminomethyltransferase 
S2 3.2 2.8 – 3.7 5    
S1 2.8 2.6 – 3.1 23 Tcr_1792 Urea carboxylase / allophanate hydrolase 
S2 3.0 2.7 – 3.2 21 
 S1 3.0 2.2 – 6.7 11 Tcr_1793 Allophanate hydrolase    
S2 3.2 2.8 – 3.6 8 
 S1 2.4 2.2 – 2.6 66 Tcr_2004 Methyl-accepting chemotaxis protein, Pas/Pac sensor   
S2 3.4 3.2 – 3.7 31 
 M1 2.5 2.3 – 2.7 46 
 M2 3.2 3.0 – 3.5 41 
  13 
a
S1, S2: combined soluble fractions from a low- and high-DIC culture (e.g., S1 consisted of a soluble fraction from cells cultivated in one low-DIC 14 
chemostat combined with a soluble fraction from cells cultivated in a high-DIC chemostat; S2 is a biological replicate of S1); M1 and M2 are 15 
corresponding values from membrane-associated fractions. 16 
b
Log2 ratio was calculated as the log2 of the ratio of abundances of quantified peptides for cells cultivated under high-DIC (=low NH3) 17 
conditions/low-DIC (=high NH3) conditions.   18 
  19 
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TABLE 3  Genotypes and growth phenotypes of mutant strains of T. crunogena. 20 
 21 
Locus 
tag 
Tn5 
insertion 
site
a
 Genotype 
Nature of 
mutation
b
 
Growth in 
low-DIC 
cultures 
Initial 
amplicon
c
 Strain name 
Tcr_0681 61 Tcr_0681-61::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0681+ MF + 345/345 Tcr_0681-61-MF 
 
61 Tcr_0681+ / Tcr_0681-61::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + 
 
Tcr_0681-61-WF 
       Tcr_0682 622 Tcr_0682-622::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0682+ MF + 999/999 Tcr_0682-662-MF 
       Tcr_0692 467 Tcr_0692-467::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0692+ MF + 585/585 Tcr_0692-467-MF 
 
467 Tcr_0692+ / Tcr_0692-467::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + 
 
Tcr_0692-467-WF 
       Tcr_0847 217 Tcr_0847-217::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0847+ MF - 549/549 Tcr_0847-217-MF 
 
217 Tcr_0847+ / Tcr_0847-217::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + 
 
Tcr_0847-217-WF 
       Tcr_0848 83 Tcr_0848-83::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0848+ MF + 276/276 Tcr_0848-83-MF 
 
83 Tcr_0848+ / Tcr_0848-83::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + 
 
Tcr_0848-83-WF 
       Tcr_0850 238 Tcr_0850-238::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0850+ MF + 595/595 Tcr_0850-238-MF 
       Tcr_0852 622 Tcr_0852-622::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0852+ MF + 954/954 Tcr_0852-622-MF 
 
622 Tcr_0852+ / Tcr_0852-622::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + 
 
Tcr_0852-622-WF 
       
Tcr_0853 710 Tcr_08531-1509 / Tcr_0853265-1557-710::EZ-Tn5(kanR)::pLD55(tetR ampR) WF - 
265-1509 
/1557 Tcr_0853-710-WF 
       
Tcr_0854 737 Tcr_08541-1000-737::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_0854+ MF - 
1 - 1000 
/2472 Tcr_0854-737-MF 
 
2006 Tcr_0854-2006::Tn5-RL27(kanR) 
random 
mutant - 
 
Tcr_0854-2006 
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Tcr_1018 385 Tcr_1018-385::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_1018+ MF + 633/633 Tcr_1018-385-MF 
385 Tcr_1018-385::EZ-Tn5(kanR) 2XO + Tcr_1018-385-2XO 
Tcr_1315 223 Tcr_13151-1085-223::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_1315+ MF + 
1 – 1085 
/1093 Tcr_1315-223-MF 
223 Tcr_13151-1085 / Tcr_1315-223::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + Tcr_1315-223-WF 
223 Tcr_1315-223::EZ-Tn5(kanR) 2XO + Tcr_1315-223-2XO 
Tcr_1841 897 
Tcr_1994 384 
Tcr_2157 165 Tcr_21571-415-165::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_2157+ MF + 1-415/427 Tcr_2157-165-MF 
165 Tcr_21571-415 / Tcr_2157-165::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + Tcr_2157-165-WF 
Tcr_2158 232 Tcr_2158-232::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_2158+ MF + 461/461 Tcr_2158-232-MF 
232 Tcr_2158+ / Tcr_2158-232::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + Tcr_2158-232-WF 
Tcr_2159 469 Tcr_21591-1082-469::EZ-Tn5(kanR)::pLD55(tetR ampR) / Tcr_215950-1317 MF + 
50-1082
/1317 Tcr_2159-469-MF 
469 Tcr_21591-1082 / Tcr_215950-1317-469::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + Tcr_2159-469-WF 
Tcr_0668 1614 Tcr_06681-2245 / Tcr_06681204-2502-1614::EZ-Tn5(kanR)::pLD55(tetR ampR) WF + 
1204-2245 
/2502 Tcr_0668-1614-WF 
csoSCA 399 csoSCA-399 ::EZ-Tn5(kanR) 2XO - 3-1587/1587 csoSCA-399-2XO
22 
a
Position of transposon insertion, in nucleotides, relative to the predicted start codon. 23 
bMF = heterozygous strain with mutant copy adjacent to the native promoter (‘mutant first’); WF = heterozygous strain with wild-type copy adjacent 24 
to the native promoter (‘wild-type first’); 2XO = mutant strain with only an interrupted copy of the gene, resulting from a second crossover event; 25 
random mutant = strain resulting from random insertion of EZ-Tn5 into the chromosome. 26 
139 
c
Length of the initial amplicon used to create the mutated version of the gene / total gene length, in nucleotides.  For genes whose initial amplicon did 27 
not cover the whole length of the gene, the region covered by the amplicon is indicated in the numerator. 28 
29 
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TABLE 4  Fold change in Tcr_0853, Tcr_0854, and csoSCA transcript abundance in wild-type 30 
T. crunogena cells cultivated under DIC- and NH3-limitation in chemostats31 
32 
Locus tag Fold increase
a
Ct +/- SD
Tcr_0853 263 -8.0 ± 1.8
Tcr_0854 340 -8.4 ± 1.6
csoSCA 859 -9.7 ± 0.9
33 
a
Fold increase in transcript abundance = DIC-limited/NH3-limited, =2
-Ct
.  RNA was extracted 34 
from WT cells grown in three DIC-limited chemostats, and three NH3-limited chemostats. 35 
36 
37 
38 
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TABLE 5  Fold change in Tcr_0853, Tcr_0854, and csoSCA transcript abundance after two 39 
hours of cultivation under low-DIC conditions 40 
Locus tag Strain Fold increase
a

Ct +/- SDb
Amplicon 
position
c
Tcr_0853 wild-type 643 -9.3 ± 0.5 1283-1415 
Tcr_0668-1614-WF 1351 -10.4
csoSCA-399-2XO 1097 -10.1
Tcr_0853-710-WF 137 -7.1
Tcr_0854-737-MF 1097 -10.1
Tcr_0854-2006 4389 -12.1
Tcr_0854 wild-type 712 -9.5 ± 0.1 1200-1339 
Tcr_0668-1614-WF 832 -9.7
csoSCA-399-2XO 549 -9.1
Tcr_0853-710-WF 5 -2.3*
Tcr_0854-737-MF 2 -1.1*
Tcr_0854-2006 1176 -10.2
csoSCA wild-type 2740 -11.4 ± 0.8 588-736
Tcr_0668-1614-WF 10809 -13.4
csoSCA-399-2XO 37 -5.2*
Tcr_0853-710-WF 6208 -12.6
Tcr_0854-737-MF 5405 -12.4
Tcr_0854-2006 14263 -13.8
41 
a
Fold increase in transcript abundance = low-DIC/high-DIC; =2
-Ct42 
b
For wild-type, standard deviations are based on two cultures that were cultivated under high-43 
DIC conditions before exposure to low-DIC conditions.  For the others, a single culture was 44 
cultivated (n=1).  Values with asterisks were detected as outliers from the others (p < 0.05) using 45 
Grubb’s test. 46 
c
Position, in nucleotides, relative to the first nucleotide of the start codon of the gene. 47 
48 
49 
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TABLE 6  Proteins and transcripts more abundant in cells cultivated under DIC-limitation 50 
51 
Locus tag and description 
Ratio in 
proteome
a
Ratio in 
transcriptome
b
Tcr_0681 Hypothetical protein (prophage) 7, 28 1.0, 1.2, 1.3  
Tcr_0682 Hypothetical protein (prophage) 6, 26 0.9, 1.1, 1.2 
Tcr_0692 Hypothetical protein (prophage) 10, 13 0.8, 0.9 
Tcr_0838 Carboxysomal Form I RubisCO CbbL  34, 158 4.5, 5.2 
Tcr_0839 Carboxysomal Form I RubisCO CbbS  104, 147 9.2, 10.7 
Tcr_0840 Carboxysome shell protein CsoS2   23, 79 2.9, 12.9, 14.3 
Tcr_0841 Carboxysome shell protein CsoSCA   18, 24 1.5, 3.2, 3.7 
Tcr_0842 Carboxysome shell protein CsoS4A 56, 84 3.2, 4.2, 5.1 
Tcr_0843 Carboxysome peptide B ND 1.7, 2.4, 2.7 
Tcr_0844 Carboxysome shell protein CsoS1 2, 2 6.1, 12.8 
Tcr_0845 Carboxysome shell protein CsoS1 ND 2.7, 19.6 
Tcr_0846 Carboxysome shell protein CsoS1C S1: 56 
M2: 24 
12.6, 14.6 
Tcr_0847 Bacterioferritin-family protein   13, 45 4.5, 11.1 
Tcr_0848 -carboxysome RubisCO assembly factor 16, 32 3.6, 5.5 
Tcr_0850 Ham1-like protein   24, 104 1.2, 1.4, 1.7 
Tcr_0852 LysR family transcriptional regulator 
S: 9, 9 
M: 5, 7 
0.9, 1.2, 1.4 
Tcr_0853 NADH subunit 5/MnhA homolog ND 1.1, 1.3, 1.6 
Tcr_0854 Conserved hypothetical protein, DUF2309  45, 49 1.2, 1.4 
Tcr_1018 CobQ/CobB/MinD/ParA nucleotide 
binding domain protein 
5, 11 1.0, 1.3 
Tcr_1019 Hypothetical protein S2: 7 3.0, 3.0 
Tcr_1315 Porin   12, 14 1.3, 2.4, 3.3 
Tcr_1841 Ferrous iron transport protein B   4, 5 0.8, 1.0, 1.3 
Tcr_1994 TonB-dependent receptor   6, 30 0.8, 0.8, 1.0 
Tcr_2157 Sulphur relay, DsrE/F-like protein 
S: 5, 8 
M: 6, 9 
0.8, 0.8 
Tcr_2158 Sulphur relay, DsrE/F-like protein 
S: 11, 16 
M: 9, 17 
0.8, 0.9 
Tcr_2159 Porin  
S: 5, 7 
M: 6, 9 
0.8, 0.9, 0.9 
52 
a
Ratio of abundances of quantified peptides for cells cultivated under low-DIC conditions/high-53 
DIC conditions.  When relevant, the cell fractions are indicated (S=soluble, M=membrane; S1, 54 
M1, M2 indicate biological replicates of these fractions). 55 
56 
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b
Ratio of transcripts for cells cultivated under low-DIC conditions/high-DIC conditions, from 57 
(19). 58 
59 
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Tcr_0668-1614-WF 
csoSCA-399-2XO 
Tcr_0847-217-MF 
Tcr_0853-710-WF 
Tcr_0854-737-MF 
Tcr_0854-2006 
60 
FIG 1 Carboxysome abundance in mutant strains of T. crunogena cultivated under low-DIC 61 
conditions.  Carboxysomes are apparent as round, regularly-sized electron-dense inclusions 62 
within cells.  None are visible in transmission electron micrographs of strains csoSCA-399-2XO 63 
or Tcr_0847-217-MF.  Histograms depict percent of cells with a given number of carboxysomes 64 
per square micron of cytoplasm transected in the electron micrographs, with n = number of cells 65 
examined. 66 
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67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
FIG 2  Intracellular dissolved inorganic carbon (DIC) accumulation and fixation by mutant 83 
strains of T. crunogena.  Mutant strains are described in the Table 3.  Error bars represent the 84 
standard errors of the values, and letters indicate values that differ from the others significantly 85 
(Tukey’s test, p <0.05). 86 
87 
88 
89 
90 
91 
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105 
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107 
108 
109 
FIG 3   Cotranscription of Tcr_0853 and Tcr_0854  in wild-type T. crunogena cells cultivated in 110 
chemostats under low- and high-DIC conditions.  Agarose gel-electrophoresed, ethidium 111 
bromide-stained, RT-PCR amplicons are shown for each RT-PCR target, in five lanes: 1) 112 
genomic DNA, 2) cells cultivated under low-DIC conditions, 3) cells cultivated under low-DIC 113 
conditions, reverse transcriptase-free control, 4) cells cultivated under high-DIC conditions, 5) 114 
cells cultivated under high-DIC conditions, reverse transcriptase-free control.  Transcription of 115 
Tcr_0841 (csoSCA) was monitored to verify CCM induction; Tcr_0350 was targeted to verify 116 
that mRNA was of sufficient quality to act as a RT-PCR template. 117 
118 
119 
120 
121 
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122 
123 
FIG 4  Maximum likelihood phylogenetic analysis of concatenated alignments of Tcr_0853 and 124 
Tcr_0854 homologs.  Two representations of the same tree are shown, with clade I (A) or clade 125 
III (B) expanded.  Bootstrap values from 1000 resamplings of the alignment are indicated when 126 
they exceeded 70%.  Branches are color-coded by the class or phylum of the taxa; a few phyla  127 
 148 
represented by only one or two taxa are listed here:  Cyanobacteria: Obscuribacter phosphatis; 128 
Nitrospina: Nitrospina gracilis; Deinococcus-Thermus:  Deinococcus misasensis and 129 
Marinithermus hydrothermalis T1; Verrucomicrobia:  Verrucomicrobium spinosum DSM 4136; 130 
Chlamydiae:  Simkania negevensis Z.  Thiomicrospiras are indicated by taxon names in boxes.  131 
Numbers preceding taxon names are gene object ID numbers from the Integrated Microbial 132 
Genomes database (http://img.jgi.doe.gov/), corresponding to the Tcr_0854 homolog of each 133 
pair.  Letters after taxon names indicate the presence of genes encoding the following in the 134 
genomes:  A,  and subunits of ATP-dependent citrate lyase; CS, carboxysome structural and 135 
enzyme components; OAOR, oxoacid:acceptor oxidoreductase; P, propionyl-CoA carboxylase; 136 
purine, genes encoding steps of purine biosynthesis; R, form I or II RubisCO.  Letters in 137 
parentheses indicate that these genes are adjacent to those encoding the Tcr_0853/Tcr-0854 138 
homologs.  Collapsed clades are labeled by the dominant phyla or classes present in the clade, 139 
and are expanded in Fig. S2. 140 
141 
142 
143 
 149 
144 
FIG 5  Juxtaposition of Tcr_0853 (yellow) and Tcr_0854(red) homologs to genes encoding 145 
enzymes that consume dissolved inorganic carbon, and associated pathways or cellular 146 
structures.  For Acidimicrobium ferrooxidans, the Tcr_0853 and Tcr_0854 homologs exist as a 147 
single fused gene.  Gene maps are organized by the phylogeny of the Tcr_0853 and Tcr_0854 148 
homologs; the tree in the center of the figure is the same as in Fig. 4, with clades collapsed.  149 
'OGOR' is oxoglutarate:ferredoxin oxidoreductase, whose substrate (oxoglutarate) has been 150 
empirically determined (53).  The alpha keto organic acid substrate for 'oxoacid oxidoreductase' 151 
has not been characterized.  Taxon names include class or phylum in parentheses. 152 
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157 
FIG S1.  Identification of the protein encoded by Tcr_0853 via mass spectrometry. (A) Sequence 158 
coverage of Tcr_0853 obtained by LC-MS/MS analysis. (B) Annotated MS/MS spectra of 159 
identified unique peptides AYAFLNAGSEVESSMK (top), IYPTRLPVR (middle), 160 
KLQVPKEELFQ (bottom). 161 
162 
163 
164 
165 
FIG S2.  Maximum likelihood phylogenetic analysis of concatenated alignments of Tcr_0853 166 
and Tcr_0854 homologs.  Seven representations of the same tree are shown, with different clades 167 
expanded.  Bootstrap values from 1000 resamplings of the alignment are indicated when they 168 
exceeded 70%.  Branches are color-coded by the class or phylum of the taxa; a few phyla  169 
represented by only one or two taxa are listed here:  Cyanobacteria: Obscuribacter phosphatis; 170 
Nitrospina: Nitrospina gracilis; Deinococcus-Thermus:  Deinococcus misasensis and 171 
Marinithermus hydrothermalis T1; Verrucomicrobia:  Verrucomicrobium spinosum DSM 4136; 172 
Chlamydiae:  Simkania negevensis Z.   Numbers preceding taxon names are gene object ID 173 
numbers from the Integrated Microbial Genomes database (http://img.jgi.doe.gov/), 174 
corresponding to the Tcr_0854 homolog of each pair.  Letters after taxon names indicate the 175 
-176 
dependent citrate lyase; CS, carboxysome structural and enzyme components; OAOR, 177 
oxoacid:acceptor oxidoreductase; P, propionyl-CoA carboxylase; purine, genes encoding steps of 178 
purine biosynthesis; R, form I or II RubisCO.  Letters in parentheses indicate that these genes are 179 
adjacent to those encoding the Tcr_0853/Tcr-0854 homologs.  Collapsed clades IE and IIIBv are 180 
expanded in Fig. 4. 181 
182 
183 
184 
185 
186 
187 
FIG S3.  RubisCO activities in wild-type and mutant cells.  High-DIC cells were cultivated in 188 
chemostats under NH3-limitation.  These cells were then washed and resuspended in low-DIC 189 
medium and cultivated for two hours ('Low-DIC' cells).  RubisCO activity was assayed as in (1), 190 
and the error bars indicate standard deviations (n=2).  191 
Table S1  Relative protein abundances when cells were cultivated under DIC- and NH3-192 
limitation 193 
Fractiona log2ratiob LowerCI UpperCI Quantified peptides Description 194 
M1 -0.2 -0.6 0.3 10 Tcr_0001 chromosomal replication initiator protein DnaA 195 
M2 -0.6 -1.1 0 11 Tcr_0001 chromosomal replication initiator protein DnaA 196 
S1 0.1 -0.4 0.6 8 Tcr_0001 chromosomal replication initiator protein DnaA 197 
S2 -0.5 -2 0.8 2 Tcr_0001 chromosomal replication initiator protein DnaA 198 
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M1 0.1 -0.5 0.7 10 Tcr_0002 DNA polymerase III, beta subunit 199 
M2 0 -0.6 0.6 9 Tcr_0002 DNA polymerase III, beta subunit 200 
S1 0.5 0.3 0.7 47 Tcr_0002 DNA polymerase III, beta subunit 201 
S2 0 -0.3 0.3 38 Tcr_0002 DNA polymerase III, beta subunit 202 
M1 0.1 -0.8 0.9 3 Tcr_0003 DNA replication and repair protein RecF 203 
M1 -0.3 -1.2 0.7 3 Tcr_0007 Secretion protein HlyD 204 
S1 -0.2 -0.9 0.5 7 Tcr_0007 Secretion protein HlyD 205 
S2 0.1 -0.6 0.8 8 Tcr_0007 Secretion protein HlyD 206 
M1 0.5 0 1.1 8 Tcr_0008 Heavy metal efflux pump CzcA 207 
M2 3.8 0 4.3 4 Tcr_0008 Heavy metal efflux pump CzcA 208 
S1 0.8 -0.2 1.9 3 Tcr_0009 hypothetical protein  209 
M1 -0.2 -0.5 0.2 12 Tcr_0010 hypothetical protein 210 
M2 -0.1 -0.5 0.4 10 Tcr_0010 hypothetical protein 211 
S1 -0.1 -0.4 0.2 23 Tcr_0010 hypothetical protein 212 
S2 0.1 -0.3 0.4 17 Tcr_0010 hypothetical protein 213 
M1 0.4 -0.4 1.2 4 Tcr_0011 Protein of unknown function DUF399 214 
M2 -0.1 -0.5 0.4 7 Tcr_0011 Protein of unknown function DUF399 215 
S2 -0.3 -1 0.5 3 Tcr_0011 Protein of unknown function DUF399 216 
M1 -0.3 -0.5 0 42 Tcr_0012 DNA gyrase, B subunit 217 
M2 -0.2 -0.4 0 83 Tcr_0012 DNA gyrase, B subunit 218 
S1 0 -0.2 0.2 50 Tcr_0012 DNA gyrase, B subunit 219 
S2 -0.1 -0.3 0.1 36 Tcr_0012 DNA gyrase, B subunit 220 
M1 0.8 0.6 1.1 12 Tcr_0013 Phosphoribulokinase 221 
M2 0.2 -0.1 0.5 15 Tcr_0013 Phosphoribulokinase 222 
S1 0.5 0.3 0.6 116 Tcr_0013 Phosphoribulokinase 223 
S2 0.2 0 0.3 83 Tcr_0013 Phosphoribulokinase 224 
M2 0.4 -0.4 1.2 3 Tcr_0016 RNA-binding S4  225 
S1 0.3 -0.1 0.6 11 Tcr_0017 Coproporphyrinogen oxidase 226 
S2 -0.5 -1.1 0.2 7 Tcr_0017 Coproporphyrinogen oxidase 227 
M2 0.5 -0.8 1.8 3 Tcr_0018 Peptidase M48, Ste24p  228 
S2 0.8 -0.3 1.9 2 Tcr_0018 Peptidase M48, Ste24p  229 
M1 0 -1 0.9 3 Tcr_0019 SUA5/yciO/yrdC-like  230 
S2 -1 -2.4 0.3 2 Tcr_0019 SUA5/yciO/yrdC-like  231 
M1 0.8 0.4 1.3 7 Tcr_0020 Polysaccharide deacetylase  232 
M2 -0.2 -1 0.7 3 Tcr_0020 Polysaccharide deacetylase  233 
M1 -0.1 -0.7 0.5 6 Tcr_0021 diguanylate cyclase  234 
M2 -0.2 -0.9 0.6 6 Tcr_0021 diguanylate cyclase 235 
M1 -0.7 -1.4 0 4 Tcr_0024 beta-lactamase-like 236 
S1 -0.7 -1.9 0.5 3 Tcr_0024 beta-lactamase-like 237 
M1 0.4 -0.4 1.1 4 Tcr_0027 methyl-accepting chemotaxis sensory transducer 238 
M2 0.9 0.3 1.4 8 Tcr_0027 methyl-accepting chemotaxis sensory transducer 239 
S1 0.3 -0.3 0.9 3 Tcr_0028 diguanylate phosphodiesterase (EAL domain)  240 
M1 0.2 -0.6 1 4 Tcr_0031 hypothetical protein  241 
S1 -1.3 -6.7 -0.3 3 Tcr_0033 Sulfonate ABC transporter, periplasmic 242 
sulfonate-binding protein, putative 243 
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M1 -1.4 -2.2 -0.7 5 Tcr_0035 transcriptional regulator, NifA subfamily, Fis 244 
Family 245 
M2 -0.6 -1.6 0.4 4 Tcr_0035 transcriptional regulator, NifA subfamily, Fis 246 
Family 247 
M1 -2.7 -6.9 -1.7 2 Tcr_0040 cyanate lyase 248 
S1 -3 -3.4 -2.6 21 Tcr_0040 cyanate lyase 249 
S2 -3.4 -3.7 -3.1 18 Tcr_0040 cyanate lyase 250 
S1 0.3 -0.6 1.1 5 Tcr_0043 homoserine kinase  251 
M1 -0.2 -0.7 0.2 6 Tcr_0044 DNA polymerase I 252 
M2 0 -0.5 0.5 9 Tcr_0044 DNA polymerase I 253 
S1 -0.2 -0.5 0.1 32 Tcr_0044 DNA polymerase I 254 
S2 -0.1 -0.5 0.2 23 Tcr_0044 DNA polymerase I 255 
M1 -0.6 -0.8 -0.4 30 Tcr_0045 hypothetical protein 256 
M2 -0.5 -0.7 -0.3 74 Tcr_0045 hypothetical protein 257 
S1 -0.9 -1.4 -0.4 11 Tcr_0045 hypothetical protein 258 
S2 -1.1 -1.5 -0.8 16 Tcr_0045 hypothetical protein 259 
M1 -0.1 -0.9 0.7 4 Tcr_0046 hypothetical protein 260 
M2 0.4 -0.5 1.3 2 Tcr_0046 hypothetical protein 261 
M1 -0.2 -0.8 0.5 4 Tcr_0047 GTP-binding protein, HSR1-related 262 
M2 0 -0.6 0.5 9 Tcr_0047 GTP-binding protein, HSR1-related 263 
S1 0.1 -0.4 0.5 12 Tcr_0047 GTP-binding protein, HSR1-related 264 
S2 -0.3 -1.1 0.6 5 Tcr_0047 GTP-binding protein, HSR1-related 265 
M1 0.6 0.2 1 15 Tcr_0048 ResB-like  266 
M2 0.5 0 0.9 15 Tcr_0048 ResB-like  267 
S1 0.6 0 1.3 5 Tcr_0050 DSBA oxidoreductase  268 
S2 0.2 -0.6 1 3 Tcr_0050 DSBA oxidoreductase  269 
M1 0.2 -0.3 0.8 8 Tcr_0051 Thiamine pyrophosphate enzyme 270 
M2 0 -0.8 0.8 5 Tcr_0051 Thiamine pyrophosphate enzyme 271 
S1 0.5 0.1 1 16 Tcr_0051 Thiamine pyrophosphate enzyme 272 
S2 0.3 -0.3 1.2 9 Tcr_0051 Thiamine pyrophosphate enzyme 273 
S1 0 -0.8 0.8 4 Tcr_0052 hypothetical protein  274 
S2 -0.2 -1 0.7 4 Tcr_0052 hypothetical protein  275 
M1 -0.3 -1.4 0.7 3 Tcr_0054 transcriptional regulator, LysR family 276 
M2 -0.1 -0.8 0.6 5 Tcr_0054 transcriptional regulator, LysR family 277 
S1 0.3 -0.5 1 3 Tcr_0054 transcriptional regulator, LysR family 278 
M1 0.5 -0.2 1.2 3 Tcr_0056 Secretion protein HlyD  279 
M2 0.3 -0.4 1.1 6 Tcr_0056 Secretion protein HlyD  280 
M1 0.5 -0.1 1.1 6 Tcr_0057 Acriflavin resistance protein  281 
M2 0.5 -0.5 1.4 3 Tcr_0057 Acriflavin resistance protein  282 
M1 1.1 0.4 1.8 2 Tcr_0063 NADH dehydrogenase (quinone)  283 
M2 0.4 -0.5 1.3 3 Tcr_0063 NADH dehydrogenase (quinone)  284 
M1 -0.6 -1.3 0.1 5 Tcr_0067 Oligopeptidase A  285 
M2 -0.3 -1.5 1 2 Tcr_0067 Oligopeptidase A 286 
S1 -0.5 -0.9 -0.1 20 Tcr_0067 Oligopeptidase A 287 
S2 -0.2 -0.6 0.3 18 Tcr_0067 Oligopeptidase A 288 
M1 0.6 0.1 1 13 Tcr_0070 AMP-dependent synthetase and ligase 289 
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M2 0.7 0.4 1.1 23 Tcr_0070 AMP-dependent synthetase and ligase  290 
M1 0.8 -0.3 2.1 2 Tcr_0071 hypothetical protein  291 
M1 0.5 -0.4 1.4 3 Tcr_0072 TPR repeat domain protein  292 
M1 0.1 -1 1.3 2 Tcr_0075 Protein of unknown function DUF58  293 
M1 0.2 -0.3 0.6 17 Tcr_0076 ATPase associated with various cellular 294 
activities, AAA_3 295 
M2 0.1 -0.3 0.4 24 Tcr_0076 ATPase associated with various cellular 296 
activities, AAA_3 297 
S1 0.7 0.1 1.2 16 Tcr_0076 ATPase associated with various cellular 298 
activities, AAA_3 299 
S2 -0.1 -0.6 0.4 15 Tcr_0076 ATPase associated with various cellular 300 
activities, AAA_3 301 
M1 0.1 -0.2 0.4 49 Tcr_0077 methyl-accepting chemotaxis sensory transducer 302 
M2 -0.1 -0.3 0.1 86 Tcr_0077 methyl-accepting chemotaxis sensory transducer 303 
S1 0.1 -0.4 0.6 12 Tcr_0077 methyl-accepting chemotaxis sensory transducer 304 
S2 -0.5 -1 0.1 9 Tcr_0077 methyl-accepting chemotaxis sensory transducer 305 
S1 0.2 -0.7 1.1 3 Tcr_0078 Methyltransferase, putative  306 
M1 -0.2 -0.8 0.3 6 Tcr_0079 methyltransferase  307 
M2 -1.4 -2.2 -0.7 5 Tcr_0079 methyltransferase 308 
S1 0.2 -0.3 0.6 7 Tcr_0079 methyltransferase 309 
S2 0.2 -0.3 0.7 5 Tcr_0079 methyltransferase 310 
M1 0.3 -0.4 0.9 8 Tcr_0083 hypothetical protein  311 
M2 0.1 -0.4 0.6 11 Tcr_0083 hypothetical protein  312 
S1 0.2 -0.7 1 7 Tcr_0090 diguanylate cyclase (GGDEF domain) with 313 
PAS/PAC sensor 314 
S2 0.4 -0.2 0.9 10 Tcr_0090 diguanylate cyclase (GGDEF domain) with 315 
PAS/PAC sensor 316 
M1 -0.2 -0.7 0.3 6 Tcr_0091 hypothetical protein 317 
M2 0 -0.3 0.3 19 Tcr_0091 hypothetical protein 318 
S1 0.3 0.1 0.6 44 Tcr_0091 hypothetical protein 319 
S2 -0.3 -0.6 -0.1 37 Tcr_0091 hypothetical protein 320 
M1 0.3 -0.1 0.6 13 Tcr_0093 Beta-lactamase-like 321 
M2 -0.1 -0.4 0.2 27 Tcr_0093 Beta-lactamase-like 322 
S1 0.2 0 0.4 88 Tcr_0093 Beta-lactamase-like 323 
S2 0 -0.2 0.1 90 Tcr_0093 Beta-lactamase-like 324 
M1 0.3 0.1 0.5 54 Tcr_0095 ATPase associated with various cellular 325 
activities, AAA_3 326 
M2 0 -0.2 0.1 106 Tcr_0095 ATPase associated with various cellular 327 
activities, AAA_3 328 
S1 0.5 0.3 0.7 92 Tcr_0095 ATPase associated with various cellular 329 
activities, AAA_3 330 
S2 0.1 -0.1 0.4 64 Tcr_0095 ATPase associated with various cellular 331 
activities, AAA_3 332 
M1 0.7 0.4 0.9 29 Tcr_0096 Protein of unknown function DUF58 333 
M2 0.3 0.1 0.5 45 Tcr_0096 Protein of unknown function DUF58 334 
S1 0.6 -0.4 1.5 4 Tcr_0096 Protein of unknown function DUF58 335 
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M1 0.6 -0.3 1.5 2 Tcr_0097 hypothetical protein  336 
M1 0.5 0.1 0.8 14 Tcr_0098 von Willebrand factor, type A 337 
M2 0.1 -0.3 0.5 25 Tcr_0098 von Willebrand factor, type A 338 
M1 0.7 0.4 1 29 Tcr_0099 von Willebrand factor, type A 339 
M2 0.3 0 0.5 38 Tcr_0099 von Willebrand factor, type A 340 
S1 0.6 -0.3 1.6 4 Tcr_0099 von Willebrand factor, type A 341 
S2 0 -0.8 0.8 4 Tcr_0099 von Willebrand factor, type A 342 
M1 0.7 0.4 1 17 Tcr_0100 hypothetical protein 343 
M2 0.3 0 0.6 33 Tcr_0100 hypothetical protein 344 
S1 0.6 -0.4 1.6 3 Tcr_0100 hypothetical protein 345 
S2 -0.2 -1.7 1.1 2 Tcr_0100 hypothetical protein 346 
M2 0 -1.1 1.1 2 Tcr_0102 thioredoxin 347 
S1 1 0.6 1.4 13 Tcr_0102 thioredoxin 348 
S2 0.6 0 1.2 6 Tcr_0102 thioredoxin 349 
M1 -0.6 -1.3 0 3 Tcr_0104 hypothetical protein 350 
M2 -0.4 -1.7 0.9 2 Tcr_0104 hypothetical protein 351 
S1 -0.5 -0.9 -0.1 14 Tcr_0104 hypothetical protein 352 
S2 -0.2 -0.7 0.2 16 Tcr_0104 hypothetical protein 353 
M1 0.5 -0.6 1.7 3 Tcr_0106 serine/threonine protein kinase  354 
M2 0.4 -1.2 1.5 3 Tcr_0106 serine/threonine protein kinase  355 
S1 0 -0.7 0.8 4 Tcr_0107 hypothetical protein  356 
S2 -0.1 -1.3 2 3 Tcr_0107 hypothetical protein  357 
M1 0.4 -0.7 1.5 3 Tcr_0108 Phosphoribosyltransferase  358 
S1 0.6 0.1 1.1 10 Tcr_0108 Phosphoribosyltransferase  359 
S2 1 0.5 1.6 6 Tcr_0108 Phosphoribosyltransferase  360 
M1 0.9 0.5 1.2 15 Tcr_0109 diguanylate cyclase (GGDEF domain) 361 
M2 1.3 0.8 2.2 13 Tcr_0109 diguanylate cyclase (GGDEF domain) 362 
M1 0.1 -0.7 0.9 5 Tcr_0110 argininosuccinate lyase  363 
M2 0.2 -0.6 1.1 5 Tcr_0110 argininosuccinate lyase 364 
S1 0 -0.3 0.3 24 Tcr_0110 argininosuccinate lyase 365 
S2 0.1 -0.2 0.5 23 Tcr_0110 argininosuccinate lyase 366 
M1 0.1 -0.8 1 3 Tcr_0111 hypothetical protein 367 
M2 0.2 -0.6 1.1 3 Tcr_0111 hypothetical protein 368 
S1 0.5 -0.6 1.7 2 Tcr_0111 hypothetical protein 369 
S2 0.8 -0.4 2.1 2 Tcr_0111 hypothetical protein 370 
M1 0.2 -0.7 1 3 Tcr_0112 porphobilinogen deaminase 371 
M2 0.4 -0.8 1.5 2 Tcr_0112 porphobilinogen deaminase 372 
S1 0 -0.3 0.3 36 Tcr_0112 porphobilinogen deaminase 373 
S2 -0.2 -0.5 0.1 26 Tcr_0112 porphobilinogen deaminase 374 
M1 0.6 0.2 1 10 Tcr_0114 hypothetical protein 375 
M2 0.4 0.1 0.8 24 Tcr_0114 hypothetical protein 376 
S1 0.6 -0.5 1.7 2 Tcr_0114 hypothetical protein 377 
S2 0.2 -0.7 1 4 Tcr_0114 hypothetical protein 378 
M1 0.6 -0.1 1.3 5 Tcr_0115 HemY-like 379 
M2 0 -1.1 1 3 Tcr_0115 HemY-like 380 
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M1 2 -0.5 3.1 2 Tcr_0117 Putative oxygen-independent 381 
coproporphyrinogen III oxidase 382 
M1 0.5 -0.2 1.3 7 Tcr_0118 AsmA  383 
M1 -0.1 -0.6 0.5 4 Tcr_0119 hypothetical protein 384 
M2 0.3 -0.2 0.8 7 Tcr_0119 hypothetical protein 385 
S1 0.2 -0.7 1.1 3 Tcr_0119 hypothetical protein 386 
S2 0.1 -0.8 1.1 3 Tcr_0119 hypothetical protein 387 
S1 0.7 -0.6 2.1 2 Tcr_0120 A/G-specific adenine glycosylase  388 
M1 -0.4 -1.6 0.8 2 Tcr_0122 diguanylate phosphodiesterase (EAL domain) 389 
M1 0.8 -0.4 2.1 2 Tcr_0123 uroporphyrinogen decarboxylase  390 
M2 0.2 -1 1.4 2 Tcr_0123 uroporphyrinogen decarboxylase 391 
S1 0.2 -0.1 0.4 50 Tcr_0123 uroporphyrinogen decarboxylase 392 
S2 0.2 -0.1 0.5 22 Tcr_0123 uroporphyrinogen decarboxylase 393 
M1 0.1 -0.5 0.7 5 Tcr_0124 nuclease (SNase-like) 394 
M2 -0.4 -1.5 0.8 3 Tcr_0124 nuclease (SNase-like) 395 
S1 -0.7 -1.5 0.3 4 Tcr_0124 nuclease (SNase-like) 396 
S2 -0.2 -1.1 0.6 2 Tcr_0124 nuclease (SNase-like) 397 
M1 0 -0.2 0.3 33 Tcr_0125 ribosomal protein L31 398 
M2 0.1 -0.1 0.3 49 Tcr_0125 ribosomal protein L31 399 
S1 0.2 -0.1 0.4 32 Tcr_0125 ribosomal protein L31 400 
S2 0.1 -0.2 0.3 31 Tcr_0125 ribosomal protein L31 401 
M1 -0.3 -0.4 -0.1 59 Tcr_0126 transcription termination factor Rho 402 
M2 -0.2 -0.3 0 116 Tcr_0126 transcription termination factor Rho 403 
S1 -0.1 -0.2 0.1 95 Tcr_0126 transcription termination factor Rho 404 
S2 -0.1 -0.3 0.1 72 Tcr_0126 transcription termination factor Rho 405 
M1 0 -0.4 0.3 24 Tcr_0127 thioredoxin 406 
M2 -0.1 -0.5 0.2 33 Tcr_0127 thioredoxin 407 
S1 0.1 -0.1 0.2 80 Tcr_0127 thioredoxin 408 
S2 -0.1 -0.3 0 95 Tcr_0127 thioredoxin 409 
M1 0.5 -0.1 1 4 Tcr_0128 UvrD/REP helicase 410 
M2 0.3 -0.4 1 5 Tcr_0128 UvrD/REP helicase 411 
S1 0.4 -0.1 1 6 Tcr_0128 UvrD/REP helicase 412 
S2 0.3 -0.3 0.9 7 Tcr_0128 UvrD/REP helicase 413 
M2 1 0.3 1.7 5 Tcr_0129 ABC transporter related 414 
M1 0.8 -0.3 2.2 4 Tcr_0131 hypothetical protein  415 
M2 0.9 0.1 1.7 3 Tcr_0131 hypothetical protein  416 
M1 0.9 0.5 1.4 15 Tcr_0132 YfaZ  417 
M2 0.8 0.4 1.1 19 Tcr_0132 YfaZ 418 
S1 0.9 0.3 1.4 7 Tcr_0132 YfaZ 419 
S2 0.3 -0.3 0.9 8 Tcr_0132 YfaZ 420 
S1 -0.1 -2.1 1.1 3 Tcr_0133 metal dependent phosphohydrolase  421 
S1 0.1 -0.4 0.6 5 Tcr_0135 response regulator receiver domain protein 422 
(CheY-like) 423 
S2 0.1 -0.4 0.5 9 Tcr_0135 response regulator receiver domain protein 424 
(CheY-like) 425 
S1 0.2 -0.4 0.7 8 Tcr_0136 Molybdopterin binding domain 426 
 156 
S2 -0.5 -1.3 0.4 4 Tcr_0136 Molybdopterin binding domain 427 
M1 -0.4 -1.5 0.7 2 Tcr_0138 hypothetical protein 428 
M2 -0.2 -1.5 1 2 Tcr_0138 hypothetical protein 429 
S1 -0.1 -0.6 0.5 7 Tcr_0138 hypothetical protein 430 
S2 -0.2 -0.8 0.3 8 Tcr_0138 hypothetical protein 431 
M1 0.4 -0.4 1.2 3 Tcr_0139 Glutaredoxin-like region 432 
M2 0.2 -0.5 1 4 Tcr_0139 Glutaredoxin-like region 433 
S1 0.5 0.2 0.8 33 Tcr_0139 Glutaredoxin-like region 434 
S2 0.1 -0.2 0.4 29 Tcr_0139 Glutaredoxin-like region 435 
S1 0.2 -0.1 0.5 16 Tcr_0140 Glutathione reductase 436 
S2 0.1 -0.3 0.5 8 Tcr_0140 Glutathione reductase 437 
M1 -0.1 -0.9 0.8 3 Tcr_0144 Thiamine-phosphate diphosphorylase 438 
M2 0.1 -0.9 1 3 Tcr_0144 Thiamine-phosphate diphosphorylase 439 
M1 -0.3 -0.7 0.1 8 Tcr_0145 Thiazole biosynthesis 440 
M2 -0.5 -1.1 0.1 9 Tcr_0145 Thiazole biosynthesis 441 
S1 0.3 0 0.6 14 Tcr_0145 Thiazole biosynthesis 442 
S2 -0.1 -0.6 0.4 12 Tcr_0145 Thiazole biosynthesis 443 
M1 0.3 0.1 0.6 23 Tcr_0147 FAD dependent oxidoreductase 444 
M2 -0.2 -0.5 0.1 29 Tcr_0147 FAD dependent oxidoreductase 445 
S1 0.3 -0.1 0.8 19 Tcr_0147 FAD dependent oxidoreductase 446 
S2 -0.3 -0.7 0.1 15 Tcr_0147 FAD dependent oxidoreductase 447 
M1 0.9 0.5 1.4 10 Tcr_0148 thiamine biosynthesis protein ThiC 448 
M2 0.2 -0.4 0.7 10 Tcr_0148 thiamine biosynthesis protein ThiC 449 
S1 0.7 0.5 0.9 75 Tcr_0148 thiamine biosynthesis protein ThiC 450 
S2 -0.2 -0.4 0 49 Tcr_0148 thiamine biosynthesis protein ThiC 451 
M2 4.2 -0.2 4.8 7 Tcr_0150 hypothetical protein 452 
S1 1.4 0.6 2.2 3 Tcr_0150 hypothetical protein 453 
S2 1.6 0.4 7.2 2 Tcr_0150 hypothetical protein 454 
S1 0.2 -0.3 0.6 14 Tcr_0151 transferase hexapeptide repeat  455 
S2 0.1 -1 1.2 5 Tcr_0151 transferase hexapeptide repeat  456 
M1 0.1 -0.5 0.7 7 Tcr_0152 diguanylate cyclase/phosphodiesterase (GGDEF 457 
& EAL domains) with PAS/PAC sensor(s) 458 
M2 -0.7 -1.5 0 4 Tcr_0152 diguanylate cyclase/phosphodiesterase (GGDEF 459 
& EAL domains) with PAS/PAC sensor(s) 460 
S1 0.2 -0.2 0.6 12 Tcr_0153 shikimate 5-dehydrogenase 461 
S2 0.4 -0.2 1 6 Tcr_0153 shikimate 5-dehydrogenase 462 
S1 0.6 0.2 1 15 Tcr_0154 Porphobilinogen synthase  463 
S2 0.3 -0.3 0.8 9 Tcr_0154 Porphobilinogen synthase  464 
S1 0 -0.9 0.9 5 Tcr_0155 hypothetical protein  465 
S2 0.1 -0.9 1.2 2 Tcr_0155 hypothetical protein  466 
M1 0.4 0.3 0.5 230 Tcr_0156 Mo-co oxidoreductase dimerisation domain 467 
M2 0.4 0.3 0.6 301 Tcr_0156 Mo-co oxidoreductase dimerisation domain 468 
S1 0.5 0.4 0.7 140 Tcr_0156 Mo-co oxidoreductase dimerisation domain 469 
S2 0.2 0 0.4 87 Tcr_0156 Mo-co oxidoreductase dimerisation domain 470 
M1 0.5 0.3 0.6 125 Tcr_0157 hypothetical protein  471 
M2 0.5 0.4 0.6 172 Tcr_0157 hypothetical protein  472 
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S1 0.7 0.5 0.8 67 Tcr_0157 hypothetical protein 473 
S2 0.5 0.3 0.7 45 Tcr_0157 hypothetical protein 474 
S2 0.3 -1.1 1.8 2 Tcr_0158 molybdenum cofactor synthesis-like 475 
S1 -0.2 -0.7 0.4 9 Tcr_0160 Molybdopterin biosynthesis MoaE 476 
S2 0 -0.5 0.6 10 Tcr_0160 Molybdopterin biosynthesis MoaE 477 
M1 0.8 -0.1 1.8 3 Tcr_0161 Molybdopterin binding domain MoeA 478 
S1 0.4 0 0.8 16 Tcr_0161 Molybdopterin binding domain MoeA 479 
S2 0.3 -0.1 0.7 14 Tcr_0161 Molybdopterin binding domain MoeA 480 
M1 0.4 -0.3 1.1 4 Tcr_0162 molybdenum cofactor biosynthesis protein C 481 
M2 0.6 0 1.2 6 Tcr_0162 molybdenum cofactor biosynthesis protein C 482 
S1 0.8 0.3 1.3 8 Tcr_0162 molybdenum cofactor biosynthesis protein C 483 
S2 0.3 -0.1 0.7 9 Tcr_0162 molybdenum cofactor biosynthesis protein C 484 
M2 0.1 -0.7 0.8 4 Tcr_0163 hypothetical protein  485 
M1 -1 -1.5 0.3 4 Tcr_0166 response regulator receiver (CheY-like) 486 
modulated diguanylate cyclase/phosphodiesterase (GGDEF & EAL domains)  487 
M2 -0.7 -1.3 0.1 6 Tcr_0166 response regulator receiver (CheY-like) 488 
modulated diguanylate cyclase/phosphodiesterase (GGDEF & EAL domains)  489 
S1 -0.6 -1.1 -0.1 10 Tcr_0166 response regulator receiver (CheY-like) 490 
modulated diguanylate cyclase/phosphodiesterase (GGDEF & EAL domains)  491 
S2 -0.3 -0.8 0.2 10 Tcr_0166 response regulator receiver (CheY-like) 492 
modulated diguanylate cyclase/phosphodiesterase (GGDEF & EAL domains)  493 
S1 0.1 -1 1.1 2 Tcr_0168 proline iminopeptidase 494 
M1 -0.1 -0.3 0.2 47 Tcr_0169 GTP-binding protein TypA 495 
M2 0.1 -0.2 0.3 60 Tcr_0169 GTP-binding protein TypA 496 
S1 0.2 -0.1 0.4 58 Tcr_0169 GTP-binding protein TypA 497 
S2 0.1 -0.1 0.3 46 Tcr_0169 GTP-binding protein TypA 498 
M1 0.2 -0.2 0.6 15 Tcr_0172 5-methyltetrahydrofolate--homocysteine 499 
methyltransferase 500 
M2 0.1 -0.2 0.4 25 Tcr_0172 5-methyltetrahydrofolate--homocysteine 501 
methyltransferase 502 
S1 0.1 -0.2 0.3 49 Tcr_0172 5-methyltetrahydrofolate--homocysteine 503 
methyltransferase 504 
S2 -0.1 -0.3 0.2 62 Tcr_0172 5-methyltetrahydrofolate--homocysteine 505 
methyltransferase 506 
M2 -0.7 -2.3 0.5 2 Tcr_0173 tRNA (uracil-5-)-methyltransferase 507 
S1 -0.5 -1.2 0.1 6 Tcr_0173 tRNA (uracil-5-)-methyltransferase 508 
S2 -0.7 -1.5 0.1 4 Tcr_0173 tRNA (uracil-5-)-methyltransferase 509 
S1 0 -0.8 0.9 3 Tcr_0177 Ferritin and Dps  510 
S2 -0.1 -1.1 1 2 Tcr_0177 Ferritin and Dps  511 
M1 0.7 0.2 1.2 2 Tcr_0180 ABC transporter related  512 
M2 0.6 -0.5 1.7 4 Tcr_0180 ABC transporter related  513 
M1 0.2 -0.5 0.9 5 Tcr_0181 MOSC  514 
M2 -0.1 -0.8 0.6 6 Tcr_0181 MOSC 515 
S1 0.8 0.3 1.2 12 Tcr_0181 MOSC 516 
S2 0.3 -0.3 0.9 10 Tcr_0181 MOSC 517 
S2 0.2 -0.6 0.9 3 Tcr_0182 PP-loop 518 
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M1 0.7 0.1 1.3 3 Tcr_0183 lipid A biosynthesis acyltransferase  519 
M2 0.6 -0.2 1.3 5 Tcr_0183 lipid A biosynthesis acyltransferase  520 
M1 0.1 -0.4 0.6 10 Tcr_0187 Potassium uptake protein TrkA  521 
M2 -0.2 -1.3 1 3 Tcr_0187 Potassium uptake protein TrkA  522 
S2 -0.7 -1.7 0.6 4 Tcr_0187 Potassium uptake protein TrkA  523 
M1 -0.3 -1.1 0.4 4 Tcr_0188 two component, sigma54 specific, transcriptional 524 
regulator, Fis family 525 
M2 0 -0.8 0.7 5 Tcr_0188 two component, sigma54 specific, transcriptional 526 
regulator, Fis family 527 
S1 0.2 -0.8 1.2 2 Tcr_0188 two component, sigma54 specific, transcriptional 528 
regulator, Fis family 529 
S2 0.2 -0.7 1.1 4 Tcr_0188 two component, sigma54 specific, transcriptional 530 
regulator, Fis family 531 
M1 0 -0.5 0.5 7 Tcr_0191 sun protein 532 
M2 0 -0.6 0.6 9 Tcr_0191 sun protein 533 
S1 0.5 -0.1 1.1 8 Tcr_0191 sun protein 534 
S2 0 -0.8 0.8 8 Tcr_0191 sun protein 535 
S1 0.2 -0.3 0.6 13 Tcr_0192 methionyl-tRNA formyltransferase  536 
S2 0.7 0.2 1.1 10 Tcr_0192 methionyl-tRNA formyltransferase  537 
M2 -0.2 -1.4 0.9 3 Tcr_0193 Peptide deformylase  538 
S1 0.3 -0.2 0.9 8 Tcr_0193 Peptide deformylase  539 
S2 0.2 -0.6 0.9 6 Tcr_0193 Peptide deformylase  540 
M1 -0.3 -1.1 0.5 2 Tcr_0195 response regulator receiver domain protein 541 
(CheY-like) 542 
M2 0.3 -0.8 1.3 4 Tcr_0195 response regulator receiver domain protein 543 
(CheY-like) 544 
S2 0.1 -0.9 1.1 3 Tcr_0195 response regulator receiver domain protein 545 
(CheY-like) 546 
M1 0 -0.3 0.3 16 Tcr_0196 DNA topoisomerase 547 
M2 0 -0.3 0.2 37 Tcr_0196 DNA topoisomerase 548 
S1 -0.1 -0.4 0.2 21 Tcr_0196 DNA topoisomerase 549 
S2 -0.1 -0.4 0.2 28 Tcr_0196 DNA topoisomerase 550 
M1 0.6 -0.1 1.4 4 Tcr_0198 arginyl-tRNA synthetase 551 
M2 -0.5 -1 0 6 Tcr_0198 arginyl-tRNA synthetase 552 
S1 0 -0.4 0.3 37 Tcr_0198 arginyl-tRNA synthetase 553 
S2 0.1 -0.2 0.5 21 Tcr_0198 arginyl-tRNA synthetase 554 
M1 0.4 0 0.8 9 Tcr_0200 diguanylate cyclase (GGDEF domain) 555 
M2 0 -0.8 3.7 6 Tcr_0200 diguanylate cyclase (GGDEF domain) 556 
S1 0.2 -0.2 0.7 13 Tcr_0200 diguanylate cyclase (GGDEF domain) 557 
S2 0.1 -0.3 0.5 16 Tcr_0200 diguanylate cyclase (GGDEF domain) 558 
M2 0 -1.1 1.1 2 Tcr_0201 Protein of unknown function DUF526 559 
S1 -0.5 -1 0.1 5 Tcr_0201 Protein of unknown function DUF526 560 
S2 -0.3 -1 0.4 4 Tcr_0201 Protein of unknown function DUF526 561 
M1 -1 -1.8 -0.1 3 Tcr_0202 Mg chelatase-related protein  562 
M1 -0.5 -0.9 -0.1 14 Tcr_0204 Type I secretion outer membrane protein, TolC 563 
M2 0.3 -0.2 0.7 24 Tcr_0204 Type I secretion outer membrane protein, TolC 564 
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M1 -0.4 -1.3 0.5 3 Tcr_0206 Type I secretion membrane fusion protein, HlyD 565 
M2 -0.5 -1.5 0.4 4 Tcr_0206 Type I secretion membrane fusion protein, HlyD 566 
M1 0.1 -0.4 0.7 6 Tcr_0207 ABC transporter related  567 
M2 0.2 -0.2 0.7 17 Tcr_0207 ABC transporter related  568 
M1 0.3 -0.1 0.6 13 Tcr_0208 diguanylate cyclase/phosphodiesterase (GGDEF 569 
& EAL domains) 570 
M2 -0.2 -0.7 0.3 12 Tcr_0208 diguanylate cyclase/phosphodiesterase (GGDEF 571 
& EAL domains) 572 
M1 -0.1 -1.1 0.9 4 Tcr_0210 OmpA/MotB 573 
M2 0.4 -1 1.7 2 Tcr_0210 OmpA/MotB 574 
S1 -1.2 -6.7 -0.1 4 Tcr_0210 OmpA/MotB 575 
S2 -0.7 -1.4 0.1 5 Tcr_0210 OmpA/MotB 576 
M1 0.2 -0.3 0.7 5 Tcr_0211 Iron-containing alcohol dehydrogenase 577 
M2 -0.2 -1.2 0.9 2 Tcr_0211 Iron-containing alcohol dehydrogenase 578 
S1 0.7 -0.2 1.5 5 Tcr_0211 Iron-containing alcohol dehydrogenase 579 
M2 0.4 -0.5 4.3 4 Tcr_0212 UvrD/REP helicase  580 
M1 0.2 -0.4 0.9 5 Tcr_0213 Methyltransferase small  581 
M2 0.4 -0.3 1.2 6 Tcr_0213 Methyltransferase small 582 
S1 0.8 0 1.6 6 Tcr_0213 Methyltransferase small 583 
S2 0.7 0.1 1.4 7 Tcr_0213 Methyltransferase small 584 
M2 0.3 -0.6 1.3 2 Tcr_0215 hypothetical protein  585 
S1 0.1 -1.6 1.5 2 Tcr_0216 Pseudouridylate synthase  586 
S2 -0.7 -2 0.5 2 Tcr_0216 Pseudouridylate synthase  587 
S1 0.3 -0.3 1 7 Tcr_0217 Phosphoribosyl-AMP cyclohydrolase 588 
S2 0.2 -0.4 0.9 4 Tcr_0217 Phosphoribosyl-AMP cyclohydrolase 589 
M2 0.1 -0.4 0.6 5 Tcr_0218 Exonuclease  590 
S1 0.2 -0.2 0.7 5 Tcr_0218 Exonuclease  591 
S2 0.1 -0.4 0.6 8 Tcr_0218 Exonuclease  592 
S1 -2.9 -3.2 -2.6 10 Tcr_0220 2,4-diaminobutyrate 4-transaminase  593 
S2 -1.9 -2.3 -1.5 9 Tcr_0220 2,4-diaminobutyrate 4-transaminase  594 
S1 -2.9 -3.6 -2.1 3 Tcr_0221 Peptidase M24  595 
S2 -1.5 -2.6 -0.6 2 Tcr_0221 Peptidase M24  596 
S1 -2 -2.3 -1.7 13 Tcr_0222 Aldehyde dehydrogenase  597 
S2 -1.2 -1.6 -0.8 15 Tcr_0222 Aldehyde dehydrogenase  598 
M1 0.1 -0.1 0.3 42 Tcr_0225 SoxH protein-like  599 
M2 1.2 1 1.4 50 Tcr_0225 SoxH protein-like 600 
S1 0.4 0.1 0.7 31 Tcr_0225 SoxH protein-like 601 
S2 1.3 0.9 1.8 21 Tcr_0225 SoxH protein-like 602 
S1 0.2 -0.3 0.7 11 Tcr_0230 hypothetical protein 603 
S2 0.6 -0.6 1.4 12 Tcr_0230 hypothetical protein 604 
S1 3.1 2 7.3 3 Tcr_0231 (2Fe-2S)-binding  605 
M1 0.2 -0.9 1.2 2 Tcr_0232 hypothetical protein 606 
S1 0 -0.4 0.4 20 Tcr_0232 hypothetical protein 607 
S2 -0.3 -0.9 0.2 9 Tcr_0232 hypothetical protein 608 
S1 0.4 0 0.8 14 Tcr_0234 hypothetical protein 609 
S2 0 -0.3 0.4 18 Tcr_0234 hypothetical protein 610 
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M1 0.5 0.2 0.8 23 Tcr_0235 hypothetical protein 611 
M2 0.5 0.2 0.7 63 Tcr_0235 hypothetical protein 612 
S1 0.8 0.6 1 80 Tcr_0235 hypothetical protein 613 
S2 0.5 0.3 0.8 56 Tcr_0235 hypothetical protein 614 
M1 0.6 0.1 1 5 Tcr_0236 hypothetical protein 615 
M2 0.2 -0.4 0.7 8 Tcr_0236 hypothetical protein 616 
S1 0.7 0.5 1 41 Tcr_0236 hypothetical protein 617 
S2 0.4 0.1 0.6 41 Tcr_0236 hypothetical protein 618 
M1 0.6 -0.1 1.4 5 Tcr_0237 Superoxide dismutase 619 
M2 0.4 -0.3 1 8 Tcr_0237 Superoxide dismutase 620 
S1 0.4 0.2 0.6 45 Tcr_0237 Superoxide dismutase 621 
S2 0.1 -0.2 0.4 27 Tcr_0237 Superoxide dismutase 622 
S1 0.2 -0.3 0.6 11 Tcr_0238 Protein of unknown function DUF709  623 
S2 0 -0.5 0.5 12 Tcr_0238 Protein of unknown function DUF709  624 
M1 -0.3 -0.6 -0.1 40 Tcr_0239 NAD-dependent epimerase/dehydratase 625 
M2 -0.3 -0.6 0 62 Tcr_0239 NAD-dependent epimerase/dehydratase 626 
S1 -0.3 -0.6 0.1 18 Tcr_0239 NAD-dependent epimerase/dehydratase 627 
S2 -0.1 -0.5 0.3 15 Tcr_0239 NAD-dependent epimerase/dehydratase 628 
M1 -0.2 -1.4 1 2 Tcr_0240 metal dependent phosphohydrolase 629 
S2 -0.2 -0.9 0.6 4 Tcr_0240 metal dependent phosphohydrolase 630 
M1 0.5 0.2 0.8 15 Tcr_0242 Secretion protein HlyD  631 
M2 0.4 0.1 0.8 36 Tcr_0242 Secretion protein HlyD  632 
M1 0.7 0.3 1.1 11 Tcr_0243 Acriflavin resistance protein  633 
M2 0.5 0.1 0.9 17 Tcr_0243 Acriflavin resistance protein  634 
M1 0.6 0.4 0.9 40 Tcr_0244 transketolase  635 
M2 0.3 0.1 0.6 64 Tcr_0244 transketolase 636 
S1 0.5 0.4 0.7 233 Tcr_0244 transketolase 637 
S2 0.2 0 0.3 158 Tcr_0244 transketolase 638 
M1 0.6 0.4 0.8 45 Tcr_0245 glyceraldehyde-3-phosphate dehydrogenase, type 639 
I  640 
M2 0.3 0.1 0.5 64 Tcr_0245 glyceraldehyde-3-phosphate dehydrogenase, type 641 
I  642 
S1 0.6 0.4 0.7 232 Tcr_0245 glyceraldehyde-3-phosphate dehydrogenase, type 643 
I  644 
S2 0.2 0.1 0.4 185 Tcr_0245 glyceraldehyde-3-phosphate dehydrogenase, type 645 
I  646 
M1 0.8 0.4 1.1 17 Tcr_0246 Phosphoglycerate kinase 647 
M2 0.2 -0.2 0.6 25 Tcr_0246 Phosphoglycerate kinase 648 
S1 0.5 0.4 0.6 267 Tcr_0246 Phosphoglycerate kinase 649 
S2 0.3 0.1 0.4 197 Tcr_0246 Phosphoglycerate kinase 650 
M1 -0.1 -0.4 0.2 27 Tcr_0247 pyruvate kinase 651 
M2 -0.3 -0.5 0 50 Tcr_0247 pyruvate kinase 652 
S1 0 -0.1 0.2 100 Tcr_0247 pyruvate kinase 653 
S2 -0.1 -0.3 0.1 74 Tcr_0247 pyruvate kinase 654 
M1 0.7 0.4 1 36 Tcr_0248 fructose-bisphosphate aldolase, class II, Calvin 655 
cycle subtype 656 
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M2 0.4 0.2 0.6 72 Tcr_0248 fructose-bisphosphate aldolase, class II, Calvin 657 
cycle subtype 658 
S1 0.9 0.8 1 290 Tcr_0248 fructose-bisphosphate aldolase, class II, Calvin 659 
cycle subtype 660 
S2 0.3 0.2 0.5 225 Tcr_0248 fructose-bisphosphate aldolase, class II, Calvin 661 
cycle subtype 662 
M1 0 -0.3 0.4 11 Tcr_0250 type II and III secretion system protein 663 
M2 -0.2 -0.6 0.3 15 Tcr_0250 type II and III secretion system protein 664 
S1 0 -0.9 0.8 4 Tcr_0250 type II and III secretion system protein 665 
S2 -0.2 -0.8 0.4 7 Tcr_0250 type II and III secretion system protein 666 
M1 0 -0.5 0.4 11 Tcr_0251 type II secretion system protein E 667 
M2 0 -0.5 0.5 8 Tcr_0251 type II secretion system protein E 668 
S1 0.3 -0.5 1.1 4 Tcr_0251 type II secretion system protein E 669 
S2 -0.1 -1.6 1.4 2 Tcr_0251 type II secretion system protein E 670 
M1 -0.6 -1.7 0.6 3 Tcr_0252 General secretion pathway protein F  671 
M2 0.4 -0.2 1.1 6 Tcr_0252 General secretion pathway protein F  672 
M1 -0.2 -1.6 1.2 2 Tcr_0257 General secretion pathway protein K 673 
M1 0.2 -0.2 0.5 11 Tcr_0258 General secretion pathway L  674 
M2 -0.2 -0.7 0.3 11 Tcr_0258 General secretion pathway L  675 
M1 -0.1 -0.9 0.7 6 Tcr_0259 General secretion pathway M protein 676 
M1 0.2 -0.2 0.6 11 Tcr_0262 phosphoribosylaminoimidazole-677 
succinocarboxamide synthase 678 
M2 0 -0.5 0.6 14 Tcr_0262 phosphoribosylaminoimidazole-679 
succinocarboxamide synthase 680 
S1 0.4 0.1 0.7 43 Tcr_0262 phosphoribosylaminoimidazole-681 
succinocarboxamide synthase 682 
S2 0.4 0.1 0.7 35 Tcr_0262 phosphoribosylaminoimidazole-683 
succinocarboxamide synthase 684 
S1 0.8 0.6 1 53 Tcr_0264 ribulose-phosphate 3-epimerase  685 
S2 0.5 0.2 0.8 38 Tcr_0264 ribulose-phosphate 3-epimerase  686 
M1 0.6 -0.2 1.5 2 Tcr_0265 phosphoglycolate phosphatase  687 
S1 0.5 0.2 0.7 23 Tcr_0265 phosphoglycolate phosphatase  688 
S2 0.6 0.3 1 17 Tcr_0265 phosphoglycolate phosphatase  689 
S1 0.4 -0.1 0.8 15 Tcr_0266 anthranilate synthase component I  690 
S2 0.6 0.2 1 14 Tcr_0266 anthranilate synthase component I  691 
S1 0.5 0 1 7 Tcr_0268 anthranilate phosphoribosyltransferase 692 
S2 0.9 -0.1 1.6 5 Tcr_0268 anthranilate phosphoribosyltransferase 693 
M1 0.4 -0.2 0.9 5 Tcr_0269 Indole-3-glycerol-phosphate synthase  694 
M2 0.8 0.2 1.3 9 Tcr_0269 Indole-3-glycerol-phosphate synthase 695 
S1 0.8 0.3 1.2 18 Tcr_0269 Indole-3-glycerol-phosphate synthase 696 
S2 0.6 0.2 0.9 16 Tcr_0269 Indole-3-glycerol-phosphate synthase 697 
M1 -0.7 -1.5 0.1 2 Tcr_0271 hypothetical protein  698 
S2 0.4 -0.3 1.1 3 Tcr_0272 S-adenosylmethionine decarboxylase related 699 
M1 -0.2 -1.1 0.6 2 Tcr_0274 Ornithine decarboxylase  700 
M2 0 -0.6 0.5 7 Tcr_0274 Ornithine decarboxylase  701 
S1 -0.2 -0.8 0.4 5 Tcr_0274 Ornithine decarboxylase  702 
 162 
S2 0.2 -0.4 0.8 7 Tcr_0274 Ornithine decarboxylase  703 
S1 -0.1 -0.8 0.5 5 Tcr_0275 OsmC-like protein  704 
S2 0.5 0 1 6 Tcr_0275 OsmC-like protein  705 
S1 0.2 -1.1 1.4 2 Tcr_0276 hypothetical protein  706 
M1 0.5 -0.1 1.1 7 Tcr_0277 adenosylmethionine-8-amino-7-oxononanoate 707 
aminotransferase 708 
M2 -0.3 -1 0.5 5 Tcr_0277 adenosylmethionine-8-amino-7-oxononanoate 709 
aminotransferase 710 
S1 0.2 -0.5 0.9 6 Tcr_0277 adenosylmethionine-8-amino-7-oxononanoate 711 
aminotransferase 712 
S2 0 -0.6 0.6 8 Tcr_0277 adenosylmethionine-8-amino-7-oxononanoate 713 
aminotransferase 714 
M1 -0.1 -0.5 0.2 18 Tcr_0280 Protein of unknown function DUF336 715 
M2 0.6 0.1 1 14 Tcr_0280 Protein of unknown function DUF336 716 
S1 0.3 -0.1 0.7 24 Tcr_0280 Protein of unknown function DUF336 717 
S2 1.3 1 1.6 23 Tcr_0280 Protein of unknown function DUF336 718 
M1 -0.1 -0.7 0.5 4 Tcr_0283 NusG antitermination factor 719 
M2 -0.2 -0.7 0.2 9 Tcr_0283 NusG antitermination factor 720 
S1 0.1 -0.1 0.3 45 Tcr_0283 NusG antitermination factor 721 
S2 0.2 -0.1 0.5 33 Tcr_0283 NusG antitermination factor 722 
M1 0 -0.2 0.2 37 Tcr_0284 ribosomal protein L11 723 
M2 0.1 -0.1 0.2 80 Tcr_0284 ribosomal protein L11 724 
S1 0.2 0 0.5 39 Tcr_0284 ribosomal protein L11 725 
S2 0.1 -0.1 0.4 32 Tcr_0284 ribosomal protein L11 726 
M1 0 -0.2 0.1 90 Tcr_0285 ribosomal protein L1 727 
M2 0.1 -0.1 0.2 180 Tcr_0285 ribosomal protein L1 728 
S1 0.1 -0.1 0.3 80 Tcr_0285 ribosomal protein L1 729 
S2 0.1 -0.2 0.3 60 Tcr_0285 ribosomal protein L1 730 
M1 0.1 -0.1 0.2 80 Tcr_0286 Ribosomal protein L10 731 
M2 0.1 -0.1 0.2 109 Tcr_0286 Ribosomal protein L10 732 
S1 0.2 0 0.4 55 Tcr_0286 Ribosomal protein L10 733 
S2 0.1 -0.1 0.3 66 Tcr_0286 Ribosomal protein L10 734 
M1 0 -0.2 0.1 79 Tcr_0287 ribosomal protein L7/L12 735 
M2 0 -0.2 0.2 94 Tcr_0287 ribosomal protein L7/L12 736 
S1 0.2 -0.1 0.4 48 Tcr_0287 ribosomal protein L7/L12 737 
S2 0 -0.2 0.3 52 Tcr_0287 ribosomal protein L7/L12 738 
M1 0.1 -0.1 0.2 96 Tcr_0288 DNA-directed RNA polymerase, beta subunit 739 
M2 0 -0.2 0.1 202 Tcr_0288 DNA-directed RNA polymerase, beta subunit 740 
S1 0.1 0 0.2 319 Tcr_0288 DNA-directed RNA polymerase, beta subunit 741 
S2 0.1 -0.1 0.2 248 Tcr_0288 DNA-directed RNA polymerase, beta subunit 742 
M1 0.1 -0.1 0.3 93 Tcr_0289 DNA-directed RNA polymerase 743 
M2 0.1 0 0.3 171 Tcr_0289 DNA-directed RNA polymerase 744 
S1 0.1 0 0.2 232 Tcr_0289 DNA-directed RNA polymerase 745 
S2 0.1 -0.1 0.2 172 Tcr_0289 DNA-directed RNA polymerase 746 
M1 0 -0.3 0.2 18 Tcr_0290 ribosomal protein S12 747 
M2 0.1 -0.1 0.3 30 Tcr_0290 ribosomal protein S12 748 
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S1 0.2 -0.1 0.5 11 Tcr_0290 ribosomal protein S12 749 
S2 0.1 -0.2 0.5 13 Tcr_0290 ribosomal protein S12 750 
M1 0 -0.2 0.2 49 Tcr_0291 ribosomal protein S7  751 
M2 0.1 -0.1 0.3 108 Tcr_0291 ribosomal protein S7 752 
S1 0.1 -0.1 0.3 54 Tcr_0291 ribosomal protein S7 753 
S2 0 -0.2 0.3 39 Tcr_0291 ribosomal protein S7 754 
M1 -0.4 -0.6 -0.2 64 Tcr_0292 translation elongation factor G 755 
M2 -0.5 -0.6 -0.3 169 Tcr_0292 translation elongation factor G 756 
S1 -0.3 -0.5 -0.2 327 Tcr_0292 translation elongation factor G 757 
S2 -0.4 -0.5 -0.2 290 Tcr_0292 translation elongation factor G 758 
M1 0.2 -0.2 0.5 12 Tcr_0294 ribosomal protein S10 759 
M2 0.1 -0.1 0.4 30 Tcr_0294 ribosomal protein S10 760 
S1 0.1 -0.3 0.5 12 Tcr_0294 ribosomal protein S10 761 
S2 0.4 -0.1 0.9 7 Tcr_0294 ribosomal protein S10 762 
M1 0 -0.1 0.2 78 Tcr_0295 Ribosomal protein L3  763 
M2 0.1 -0.1 0.2 167 Tcr_0295 Ribosomal protein L3  764 
S1 0.2 0 0.5 49 Tcr_0295 Ribosomal protein L3  765 
S2 0.1 -0.2 0.3 48 Tcr_0295 Ribosomal protein L3  766 
M1 -0.1 -0.3 0.1 77 Tcr_0296 Ribosomal protein L4/L1e 767 
M2 0 -0.1 0.2 119 Tcr_0296 Ribosomal protein L4/L1e 768 
S1 0.1 -0.1 0.3 48 Tcr_0296 Ribosomal protein L4/L1e 769 
S2 0 -0.2 0.3 42 Tcr_0296 Ribosomal protein L4/L1e 770 
M1 0 -0.2 0.2 25 Tcr_0297 Ribosomal L23 protein 771 
M2 0 -0.2 0.2 64 Tcr_0297 Ribosomal L23 protein 772 
S1 0.1 -0.1 0.4 19 Tcr_0297 Ribosomal L23 protein 773 
S2 0.1 -0.1 0.4 25 Tcr_0297 Ribosomal L23 protein 774 
M1 -0.1 -0.3 0.2 50 Tcr_0298 ribosomal protein L2 775 
M2 0.1 -0.1 0.2 113 Tcr_0298 ribosomal protein L2 776 
S1 0.2 0 0.4 50 Tcr_0298 ribosomal protein L2 777 
S2 0.1 -0.2 0.3 38 Tcr_0298 ribosomal protein L2 778 
M1 -0.1 -0.4 0.3 11 Tcr_0299 ribosomal protein S19 779 
M2 0 -0.3 0.3 14 Tcr_0299 ribosomal protein S19 780 
S1 0.1 -0.4 0.5 7 Tcr_0299 ribosomal protein S19 781 
S2 -0.2 -0.8 0.4 5 Tcr_0299 ribosomal protein S19 782 
M1 0 -0.3 0.2 65 Tcr_0300 ribosomal protein L22 783 
M2 0 -0.2 0.2 86 Tcr_0300 ribosomal protein L22 784 
S1 0.2 -0.1 0.4 34 Tcr_0300 ribosomal protein L22 785 
S2 0 -0.2 0.3 26 Tcr_0300 ribosomal protein L22 786 
M1 0 -0.2 0.1 65 Tcr_0301 ribosomal protein S3 787 
M2 0.1 -0.1 0.2 118 Tcr_0301 ribosomal protein S3 788 
S1 0.1 -0.2 0.3 62 Tcr_0301 ribosomal protein S3 789 
S2 0.2 0 0.5 50 Tcr_0301 ribosomal protein S3 790 
M1 0 -0.3 0.3 29 Tcr_0302 ribosomal protein L16 791 
M2 0.2 0 0.4 57 Tcr_0302 ribosomal protein L16 792 
S1 0 -0.2 0.3 37 Tcr_0302 ribosomal protein L16 793 
S2 -0.1 -0.4 0.3 28 Tcr_0302 ribosomal protein L16 794 
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M1 0 -0.2 0.2 29 Tcr_0303 ribosomal protein L29 795 
M2 0 -0.2 0.2 36 Tcr_0303 ribosomal protein L29 796 
S1 0.2 -0.1 0.4 26 Tcr_0303 ribosomal protein L29 797 
S2 0.2 -0.1 0.4 19 Tcr_0303 ribosomal protein L29 798 
M1 -0.1 -0.4 0.2 31 Tcr_0304 Ribosomal protein S17 799 
M2 0.1 -0.1 0.4 61 Tcr_0304 Ribosomal protein S17 800 
S1 0.2 -0.2 0.5 22 Tcr_0304 Ribosomal protein S17 801 
S2 0.1 -0.2 0.5 21 Tcr_0304 Ribosomal protein S17 802 
M1 -0.2 -0.4 0 52 Tcr_0305 ribosomal protein L14 803 
M2 0.2 0 0.4 88 Tcr_0305 ribosomal protein L14 804 
S1 0.1 -0.2 0.4 39 Tcr_0305 ribosomal protein L14 805 
S2 0.1 -0.2 0.4 34 Tcr_0305 ribosomal protein L14 806 
M1 -0.1 -0.3 0.2 33 Tcr_0306 ribosomal protein L24 807 
M2 0 -0.2 0.2 68 Tcr_0306 ribosomal protein L24 808 
S1 0.2 -0.1 0.5 32 Tcr_0306 ribosomal protein L24 809 
S2 0.1 -0.2 0.5 24 Tcr_0306 ribosomal protein L24 810 
M1 0 -0.2 0.2 62 Tcr_0307 Ribosomal protein L5 811 
M2 0 -0.1 0.2 140 Tcr_0307 Ribosomal protein L5 812 
S1 0.2 0 0.4 54 Tcr_0307 Ribosomal protein L5 813 
S2 0.1 -0.1 0.3 42 Tcr_0307 Ribosomal protein L5 814 
M1 0 -0.2 0.3 15 Tcr_0308 Ribosomal protein S14 815 
M2 0 -0.3 0.3 19 Tcr_0308 Ribosomal protein S14 816 
S1 0.2 -0.2 0.5 6 Tcr_0308 Ribosomal protein S14 817 
S2 0.2 -0.1 0.6 8 Tcr_0308 Ribosomal protein S14 818 
M1 -0.1 -0.3 0.2 43 Tcr_0309 Ribosomal protein S8 819 
M2 0.1 -0.1 0.2 80 Tcr_0309 Ribosomal protein S8 820 
S1 0.1 -0.1 0.3 42 Tcr_0309 Ribosomal protein S8 821 
S2 0.1 -0.2 0.3 33 Tcr_0309 Ribosomal protein S8 822 
M1 0 -0.2 0.1 74 Tcr_0310 Ribosomal protein L6 823 
M2 0.1 -0.1 0.2 148 Tcr_0310 Ribosomal protein L6 824 
S1 0.3 0.1 0.4 70 Tcr_0310 Ribosomal protein L6 825 
S2 0.2 -0.1 0.4 55 Tcr_0310 Ribosomal protein L6 826 
M1 -0.1 -0.3 0.2 24 Tcr_0311 ribosomal protein L18 827 
M2 0.1 -0.1 0.3 47 Tcr_0311 ribosomal protein L18 828 
S1 0.2 -0.1 0.6 21 Tcr_0311 ribosomal protein L18 829 
S2 0.1 -0.2 0.5 16 Tcr_0311 ribosomal protein L18 830 
M1 0 -0.2 0.2 46 Tcr_0312 ribosomal protein S5 831 
M2 0 -0.2 0.2 104 Tcr_0312 ribosomal protein S5 832 
S1 0 -0.2 0.2 56 Tcr_0312 ribosomal protein S5 833 
S2 0.1 -0.2 0.3 45 Tcr_0312 ribosomal protein S5 834 
M1 0 -0.4 0.3 20 Tcr_0313 ribosomal protein L30 835 
M2 0 -0.2 0.3 42 Tcr_0313 ribosomal protein L30 836 
S1 0.1 -0.2 0.5 14 Tcr_0313 ribosomal protein L30 837 
S2 0.1 -0.4 0.6 16 Tcr_0313 ribosomal protein L30 838 
M1 -0.1 -0.3 0.1 43 Tcr_0314 ribosomal protein L15 839 
M2 0.1 -0.1 0.2 66 Tcr_0314 ribosomal protein L15 840 
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S1 0.2 -0.1 0.4 24 Tcr_0314 ribosomal protein L15  841 
S2 0.1 -0.1 0.3 34 Tcr_0314 ribosomal protein L15  842 
M1 0 -0.2 0.2 37 Tcr_0316 Ribosomal protein S13 843 
M2 0.1 -0.1 0.3 85 Tcr_0316 Ribosomal protein S13 844 
S1 0.1 -0.1 0.3 35 Tcr_0316 Ribosomal protein S13 845 
S2 0.1 -0.1 0.4 32 Tcr_0316 Ribosomal protein S13 846 
M1 0.1 -0.2 0.3 32 Tcr_0317 Ribosomal protein S11 847 
M2 0.1 -0.1 0.3 61 Tcr_0317 Ribosomal protein S11 848 
S1 0.1 -0.1 0.4 36 Tcr_0317 Ribosomal protein S11 849 
S2 0.1 -0.2 0.4 21 Tcr_0317 Ribosomal protein S11 850 
M1 0 -0.2 0.2 71 Tcr_0318 ribosomal protein S4 851 
M2 0.2 0 0.4 111 Tcr_0318 ribosomal protein S4 852 
S1 0.1 -0.2 0.3 38 Tcr_0318 ribosomal protein S4 853 
S2 0.2 -0.1 0.4 27 Tcr_0318 ribosomal protein S4 854 
M1 0.1 -0.2 0.3 16 Tcr_0319 DNA-directed RNA polymerase, alpha subunit 855 
M2 0 -0.3 0.2 50 Tcr_0319 DNA-directed RNA polymerase, alpha subunit 856 
S1 0.2 0 0.4 95 Tcr_0319 DNA-directed RNA polymerase, alpha subunit 857 
S2 0.1 -0.1 0.3 85 Tcr_0319 DNA-directed RNA polymerase, alpha subunit 858 
M1 0 -0.2 0.3 19 Tcr_0320 ribosomal protein L17 859 
M2 -0.1 -0.3 0.1 48 Tcr_0320 ribosomal protein L17 860 
S1 0.2 -0.2 0.5 19 Tcr_0320 ribosomal protein L17 861 
S2 0.1 -0.2 0.4 18 Tcr_0320 ribosomal protein L17 862 
M1 -1.2 -1.8 -0.6 4 Tcr_0322 UBA/THIF-type NAD/FAD binding fold 863 
M2 -0.8 -1.2 -0.3 12 Tcr_0322 UBA/THIF-type NAD/FAD binding fold 864 
S1 -2.2 -6.7 -0.4 2 Tcr_0322 UBA/THIF-type NAD/FAD binding fold 865 
S2 -0.5 -1.2 0.2 5 Tcr_0322 UBA/THIF-type NAD/FAD binding fold 866 
M1 0 -0.5 0.4 9 Tcr_0324 excinuclease ABC, A subunit 867 
M2 -0.3 -0.6 0.1 17 Tcr_0324 excinuclease ABC, A subunit 868 
S1 0.1 -0.2 0.5 27 Tcr_0324 excinuclease ABC, A subunit 869 
S2 -0.2 -0.6 0.3 21 Tcr_0324 excinuclease ABC, A subunit 870 
M1 -0.1 -0.8 0.5 6 Tcr_0325 Protein of unknown function DUF541 871 
M2 0.2 -0.7 1.1 2 Tcr_0325 Protein of unknown function DUF541 872 
S1 0.3 -0.3 0.8 8 Tcr_0325 Protein of unknown function DUF541 873 
S2 0 -0.6 0.6 6 Tcr_0325 Protein of unknown function DUF541 874 
M1 0.4 0.1 0.7 14 Tcr_0327 single-strand binding protein 875 
M2 0.1 -0.2 0.4 33 Tcr_0327 single-strand binding protein 876 
S1 0.5 0.3 0.8 18 Tcr_0327 single-strand binding protein 877 
S2 0 -0.4 0.4 19 Tcr_0327 single-strand binding protein 878 
M1 -0.4 -1.1 0.3 6 Tcr_0332 N-6 DNA methylase 879 
M2 -0.4 -1.1 0.4 5 Tcr_0332 N-6 DNA methylase 880 
S1 -1.3 -2 -0.4 6 Tcr_0332 N-6 DNA methylase 881 
S2 -1 -2 -0.2 6 Tcr_0332 N-6 DNA methylase 882 
M2 -6.1 -6.8 -5.3 2 Tcr_0334 type I site-specific deoxyribonuclease, HsdR 883 
family 884 
S2 -0.4 -1.4 0.5 5 Tcr_0334 type I site-specific deoxyribonuclease, HsdR 885 
family 886 
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M1 -0.8 -1.3 -0.3 8 Tcr_0336 hypothetical protein 887 
M2 -0.7 -1.4 0 6 Tcr_0336 hypothetical protein 888 
S1 0.1 -0.9 0.9 5 Tcr_0336 hypothetical protein 889 
S2 0.1 -1.3 1.2 5 Tcr_0336 hypothetical protein 890 
M1 -0.4 -0.7 -0.1 22 Tcr_0338 6-aminohexanoate-dimer hydrolase 891 
M2 -0.2 -0.4 0.1 44 Tcr_0338 6-aminohexanoate-dimer hydrolase 892 
S1 -0.1 -0.7 0.4 10 Tcr_0338 6-aminohexanoate-dimer hydrolase 893 
S2 0 -1 1.1 4 Tcr_0338 6-aminohexanoate-dimer hydrolase 894 
M1 -0.4 -0.8 0 7 Tcr_0340 Trans-hexaprenyltranstransferase 895 
M2 0.3 -0.9 1 7 Tcr_0340 Trans-hexaprenyltranstransferase 896 
S1 -0.2 -1.3 0.9 2 Tcr_0340 Trans-hexaprenyltranstransferase 897 
S2 0 -0.8 0.7 3 Tcr_0340 Trans-hexaprenyltranstransferase 898 
M1 0 -0.2 0.2 48 Tcr_0341 ribosomal protein L21 899 
M2 0.1 -0.1 0.3 65 Tcr_0341 ribosomal protein L21 900 
S1 0.2 -0.1 0.5 20 Tcr_0341 ribosomal protein L21 901 
S2 0.1 -0.1 0.4 21 Tcr_0341 ribosomal protein L21 902 
M1 0 -0.2 0.3 31 Tcr_0342 ribosomal protein L27 903 
M2 0.1 -0.1 0.4 55 Tcr_0342 ribosomal protein L27 904 
S1 -0.3 -0.7 0.2 14 Tcr_0342 ribosomal protein L27 905 
S2 -0.2 -0.7 0.5 12 Tcr_0342 ribosomal protein L27 906 
M1 0.2 -0.3 0.7 5 Tcr_0343 GTP1/OBG subdomain 907 
M2 0.5 -0.3 1.4 5 Tcr_0343 GTP1/OBG subdomain 908 
S1 0.6 0.3 1 23 Tcr_0343 GTP1/OBG subdomain 909 
S2 0.5 0 0.9 14 Tcr_0343 GTP1/OBG subdomain 910 
M1 0.2 -0.2 0.6 12 Tcr_0344 glutamate 5-kinase 911 
M2 0.5 0.1 0.9 16 Tcr_0344 glutamate 5-kinase 912 
S1 0.7 0.3 1.2 13 Tcr_0344 glutamate 5-kinase 913 
S2 0.5 0 0.9 18 Tcr_0344 glutamate 5-kinase 914 
M1 0.7 0.1 7.1 3 Tcr_0345 Chaperonin Cpn10 915 
M2 0.7 -0.6 2 2 Tcr_0345 Chaperonin Cpn10 916 
S1 1 0.7 1.3 48 Tcr_0345 Chaperonin Cpn10 917 
S2 0.5 0.2 0.8 27 Tcr_0345 Chaperonin Cpn10 918 
M1 0.7 0.5 0.8 79 Tcr_0346 Chaperonin Cpn60/TCP-1 919 
M2 0.3 0.2 0.5 149 Tcr_0346 Chaperonin Cpn60/TCP-1 920 
S1 1.1 0.9 1.2 321 Tcr_0346 Chaperonin Cpn60/TCP-1 921 
S2 0.5 0.4 0.6 252 Tcr_0346 Chaperonin Cpn60/TCP-1 922 
S1 0 -1.3 1.3 3 Tcr_0347 Glutathione S-transferase-like 923 
S2 0.3 -0.8 1.4 3 Tcr_0347 Glutathione S-transferase-like 924 
M1 0.4 -0.4 1.2 4 Tcr_0348 N-acetyl-gamma-glutamyl-phosphate reductase 925 
M2 0.1 -0.6 1 6 Tcr_0348 N-acetyl-gamma-glutamyl-phosphate reductase 926 
S1 0.4 0.1 0.7 33 Tcr_0348 N-acetyl-gamma-glutamyl-phosphate reductase 927 
S2 0.2 -0.2 0.6 20 Tcr_0348 N-acetyl-gamma-glutamyl-phosphate reductase 928 
M1 0.5 0 1 5 Tcr_0349 HesB/YadR/YfhF  929 
M2 0.3 -0.1 0.8 10 Tcr_0349 HesB/YadR/YfhF 930 
S1 0.3 -0.2 0.8 11 Tcr_0349 HesB/YadR/YfhF 931 
S2 0.1 -0.5 0.6 12 Tcr_0349 HesB/YadR/YfhF 932 
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M1 0 -0.5 0.5 7 Tcr_0350 2-methylcitrate synthase/citrate synthase II 933 
M2 -0.3 -0.7 0.1 12 Tcr_0350 2-methylcitrate synthase/citrate synthase II 934 
S1 0.2 -0.1 0.6 19 Tcr_0350 2-methylcitrate synthase/citrate synthase II 935 
S2 -0.1 -0.4 0.2 24 Tcr_0350 2-methylcitrate synthase/citrate synthase II 936 
S1 0.1 -0.3 0.5 10 Tcr_0351 hypothetical protein 937 
S2 0.2 -0.3 0.7 7 Tcr_0351 hypothetical protein 938 
M2 -0.5 -1.8 0.9 2 Tcr_0354 glycyl-tRNA synthetase, alpha subunit 939 
S1 0.3 0 0.6 16 Tcr_0354 glycyl-tRNA synthetase, alpha subunit 940 
S2 0 -0.5 0.4 8 Tcr_0354 glycyl-tRNA synthetase, alpha subunit 941 
M1 0 -0.4 0.4 20 Tcr_0355 glycyl-tRNA synthetase, beta subunit  942 
M2 0.2 -0.2 0.6 19 Tcr_0355 glycyl-tRNA synthetase, beta subunit 943 
S1 0.2 0 0.5 45 Tcr_0355 glycyl-tRNA synthetase, beta subunit 944 
S2 0.2 0 0.4 40 Tcr_0355 glycyl-tRNA synthetase, beta subunit 945 
M1 0 -0.7 0.7 4 Tcr_0356 Histidinol-phosphate phosphatase 946 
M2 0.3 -1.2 1.5 3 Tcr_0356 Histidinol-phosphate phosphatase 947 
S1 0.2 -0.7 1.8 4 Tcr_0356 Histidinol-phosphate phosphatase 948 
S2 -0.1 -0.8 0.7 5 Tcr_0356 Histidinol-phosphate phosphatase 949 
M1 1.9 1 3 5 Tcr_0361 methyl-accepting chemotaxis sensory transducer 950 
M2 2.6 2 3.2 6 Tcr_0361 methyl-accepting chemotaxis sensory transducer 951 
M1 1.1 0.2 2.1 2 Tcr_0363 pyridoxamine 5'-phosphate oxidase 952 
S1 0.4 0 0.7 11 Tcr_0363 pyridoxamine 5'-phosphate oxidase 953 
S2 0.5 0.1 0.9 12 Tcr_0363 pyridoxamine 5'-phosphate oxidase 954 
M1 0 -0.2 0.3 22 Tcr_0364 DNA topoisomerase IV, B subunit 955 
M2 0.1 -0.2 0.4 30 Tcr_0364 DNA topoisomerase IV, B subunit 956 
S1 0.1 -0.2 0.5 21 Tcr_0364 DNA topoisomerase IV, B subunit 957 
S2 0.3 -0.1 0.7 16 Tcr_0364 DNA topoisomerase IV, B subunit 958 
M1 0 -0.8 5 5 Tcr_0366 TIR 959 
M2 -0.6 -1.8 0.5 2 Tcr_0366 TIR 960 
S1 -0.1 -0.8 0.6 5 Tcr_0366 TIR 961 
S2 0.5 -0.5 1.5 3 Tcr_0366 TIR 962 
M2 -1.5 -2.4 -0.7 2 Tcr_0371 hypothetical protein 963 
M1 -0.1 -1 0.9 3 Tcr_0373 hypothetical protein 964 
S1 -0.1 -0.7 0.6 5 Tcr_0373 hypothetical protein 965 
S2 -0.5 -1.2 0.2 5 Tcr_0373 hypothetical protein 966 
M1 -0.7 -1.6 0.2 2 Tcr_0374 hypothetical protein 967 
M1 -0.4 -1 0.1 3 Tcr_0382 hypothetical protein 968 
M2 -0.3 -1.3 0.6 2 Tcr_0382 hypothetical protein 969 
S1 -0.7 -1.3 -0.1 3 Tcr_0382 hypothetical protein 970 
S2 -0.4 -0.9 0.1 6 Tcr_0382 hypothetical protein 971 
S1 -0.2 -1.1 0.6 2 Tcr_0383 Heavy metal transport/detoxification protein  972 
M1 -0.1 -0.5 0.3 12 Tcr_0384 DNA topoisomerase IV, A subunit  973 
M2 0.5 0.1 0.9 22 Tcr_0384 DNA topoisomerase IV, A subunit  974 
M1 -0.3 -1.5 0.9 2 Tcr_0386 OmpA/MotB  975 
M2 -0.3 -1.1 0.5 3 Tcr_0386 OmpA/MotB  976 
M1 -0.1 -0.9 0.6 5 Tcr_0387 UBA/THIF-type NAD/FAD binding fold protein 977 
M2 -0.2 -1.2 0.7 2 Tcr_0387 UBA/THIF-type NAD/FAD binding fold protein 978 
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S1 0.1 -0.4 0.6 7 Tcr_0387 UBA/THIF-type NAD/FAD binding fold protein 979 
S2 0.1 -0.6 0.7 9 Tcr_0387 UBA/THIF-type NAD/FAD binding fold protein 980 
S1 -0.1 -0.5 0.3 9 Tcr_0389 peptide chain release factor 1  981 
S2 0.2 -0.3 0.7 12 Tcr_0389 peptide chain release factor 1  982 
M1 -0.4 -1.1 0.4 8 Tcr_0390 glutamyl-tRNA reductase  983 
M2 -0.1 -0.8 0.5 7 Tcr_0390 glutamyl-tRNA reductase  984 
S1 -0.1 -1.6 1.3 2 Tcr_0390 glutamyl-tRNA reductase  985 
M1 -0.1 -0.6 0.5 9 Tcr_0391 TPR repeat domain protein  986 
M2 -0.2 -0.7 0.3 10 Tcr_0391 TPR repeat domain protein  987 
M1 -0.4 -1 0.1 7 Tcr_0392 ribose-phosphate pyrophosphokinase  988 
M2 -0.5 -1.1 0 11 Tcr_0392 ribose-phosphate pyrophosphokinase 989 
S1 -0.4 -0.7 -0.1 50 Tcr_0392 ribose-phosphate pyrophosphokinase 990 
S2 -0.4 -0.7 -0.1 38 Tcr_0392 ribose-phosphate pyrophosphokinase 991 
M1 0 -0.2 0.2 46 Tcr_0393 ribosomal 5S rRNA E-loop binding protein 992 
Ctc/L25/TL5 993 
M2 0 -0.1 0.2 92 Tcr_0393 ribosomal 5S rRNA E-loop binding protein 994 
Ctc/L25/TL5 995 
S1 0.1 -0.2 0.3 39 Tcr_0393 ribosomal 5S rRNA E-loop binding protein 996 
Ctc/L25/TL5 997 
S2 0.1 -0.2 0.3 32 Tcr_0393 ribosomal 5S rRNA E-loop binding protein 998 
Ctc/L25/TL5 999 
S1 0.1 -0.5 0.8 4 Tcr_0394 peptidyl-tRNA hydrolase  1000 
S2 0.3 -0.3 0.8 8 Tcr_0394 peptidyl-tRNA hydrolase  1001 
M1 -0.5 -0.8 -0.1 19 Tcr_0395 GTP-binding protein, HSR1-related 1002 
M2 -0.2 -0.6 0.2 19 Tcr_0395 GTP-binding protein, HSR1-related 1003 
S1 -0.5 -0.9 -0.2 29 Tcr_0395 GTP-binding protein, HSR1-related 1004 
S2 -0.1 -0.5 0.3 21 Tcr_0395 GTP-binding protein, HSR1-related 1005 
M2 0.4 -0.7 1.4 2 Tcr_0396 Homoserine dehydrogenase, NAD-binding 1006 
S1 -0.2 -0.9 0.5 3 Tcr_0396 Homoserine dehydrogenase, NAD-binding 1007 
M1 0.2 -0.9 1.3 2 Tcr_0397 diguanylate cyclase (GGDEF domain)  1008 
M1 0.7 0.1 1.2 7 Tcr_0400 2-polyprenylphenol 6-hydroxylase  1009 
M2 0.3 -0.3 0.8 9 Tcr_0400 2-polyprenylphenol 6-hydroxylase  1010 
S1 0.7 -0.4 1.9 3 Tcr_0400 2-polyprenylphenol 6-hydroxylase  1011 
M1 0.7 -0.5 2 3 Tcr_0401 Protein of unknown function DUF1243  1012 
M2 0.3 -0.7 1.4 2 Tcr_0401 Protein of unknown function DUF1243  1013 
S1 -0.1 -1.3 1 2 Tcr_0401 Protein of unknown function DUF1243  1014 
M1 0.1 -0.4 0.6 4 Tcr_0402 ubiquinone/menaquinone biosynthesis 1015 
methyltransferase 1016 
M2 0.1 -0.2 0.5 18 Tcr_0402 ubiquinone/menaquinone biosynthesis 1017 
methyltransferase 1018 
S1 0.5 -0.1 1.1 9 Tcr_0402 ubiquinone/menaquinone biosynthesis 1019 
methyltransferase 1020 
S2 0.3 -0.3 0.9 6 Tcr_0402 ubiquinone/menaquinone biosynthesis 1021 
methyltransferase 1022 
M1 0.1 -0.2 0.4 19 Tcr_0404 heat shock protein HslVU, ATPase subunit HslU 1023 
M2 0.1 -0.2 0.5 29 Tcr_0404 heat shock protein HslVU, ATPase subunit HslU 1024 
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S1 0 -0.2 0.3 36 Tcr_0404 heat shock protein HslVU, ATPase subunit HslU 1025 
S2 0 -0.2 0.3 35 Tcr_0404 heat shock protein HslVU, ATPase subunit HslU 1026 
M1 0.6 -0.4 1.6 2 Tcr_0405 diaminopimelate epimerase 1027 
M2 0.1 -0.9 1.1 3 Tcr_0405 diaminopimelate epimerase 1028 
S1 -0.5 -1.1 0 11 Tcr_0405 diaminopimelate epimerase 1029 
S2 -1.1 -1.8 -0.5 6 Tcr_0405 diaminopimelate epimerase 1030 
M1 -2.5 -6.9 -0.8 2 Tcr_0406 Protein of unknown function DUF484 1031 
S1 -0.5 -1.2 0.2 5 Tcr_0406 Protein of unknown function DUF484 1032 
S2 -0.4 -1.4 0.5 3 Tcr_0406 Protein of unknown function DUF484 1033 
S1 0 -0.8 0.8 4 Tcr_0408 Nitroreductase  1034 
S2 0.1 -0.7 0.9 5 Tcr_0408 Nitroreductase  1035 
M1 2.7 -0.4 3.8 3 Tcr_0410 20S proteasome, A and B subunits 1036 
M2 2.5 2 2.9 5 Tcr_0410 20S proteasome, A and B subunits 1037 
S1 -0.1 -0.5 0.3 10 Tcr_0410 20S proteasome, A and B subunits 1038 
S2 -0.7 -1.5 0.2 8 Tcr_0410 20S proteasome, A and B subunits 1039 
M1 0 -0.3 0.3 22 Tcr_0414 AAA ATPase 1040 
M2 0.3 0.1 0.6 43 Tcr_0414 AAA ATPase 1041 
S1 0.4 0.2 0.6 64 Tcr_0414 AAA ATPase 1042 
S2 0.4 0.1 0.6 58 Tcr_0414 AAA ATPase 1043 
S1 -0.3 -1 0.4 6 Tcr_0421 Carbonate dehydratase  1044 
S2 -0.1 -0.7 0.5 5 Tcr_0421 Carbonate dehydratase  1045 
M2 -3.1 -6.9 -2.3 4 Tcr_0422 von Willebrand factor, type A  1046 
M1 -3.1 -3.3 -2.9 28 Tcr_0423 ATPase associated with various cellular 1047 
activities, AAA_5 1048 
M2 -4 -4.3 -3.8 39 Tcr_0423 ATPase associated with various cellular 1049 
activities, AAA_5 1050 
S1 -3.3 -3.7 -2.8 22 Tcr_0423 ATPase associated with various cellular 1051 
activities, AAA_5 1052 
S2 -3.7 -4.1 -3.2 20 Tcr_0423 ATPase associated with various cellular 1053 
activities, AAA_5 1054 
M1 -3.2 -3.5 -3 28 Tcr_0424 Ribulose-bisphosphate carboxylase 1055 
M2 -4.3 -4.6 -4.1 49 Tcr_0424 Ribulose-bisphosphate carboxylase 1056 
S1 -3.1 -3.3 -3 168 Tcr_0424 Ribulose-bisphosphate carboxylase 1057 
S2 -4.6 -4.8 -4.5 149 Tcr_0424 Ribulose-bisphosphate carboxylase 1058 
M1 0.5 0 1 10 Tcr_0425 transcriptional regulator, LysR family 1059 
M2 0.4 -0.1 0.8 11 Tcr_0425 transcriptional regulator, LysR family 1060 
S1 0.7 -0.1 1.6 5 Tcr_0425 transcriptional regulator, LysR family 1061 
S2 -0.2 -1.2 0.7 4 Tcr_0425 transcriptional regulator, LysR family 1062 
M1 0.8 -0.3 1.9 2 Tcr_0426 transcriptional regulator, LysR family 1063 
M2 0.3 -0.3 0.8 6 Tcr_0426 transcriptional regulator, LysR family 1064 
S1 0.6 -0.3 1.5 3 Tcr_0426 transcriptional regulator, LysR family 1065 
M1 -4.3 -4.6 -3.9 33 Tcr_0427 Ribulose-bisphosphate carboxylase 1066 
M2 -4.4 -4.6 -4.1 35 Tcr_0427 Ribulose-bisphosphate carboxylase 1067 
S1 -4 -4.2 -3.9 174 Tcr_0427 Ribulose-bisphosphate carboxylase 1068 
S2 -4.4 -4.5 -4.2 108 Tcr_0427 Ribulose-bisphosphate carboxylase 1069 
M1 -4.1 -4.4 -3.9 35 Tcr_0428 Ribulose-bisphosphate carboxylase 1070 
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M2 -4.9 -5.1 -4.7 41 Tcr_0428 Ribulose-bisphosphate carboxylase 1071 
S1 -4.1 -4.2 -4 97 Tcr_0428 Ribulose-bisphosphate carboxylase 1072 
S2 -4.5 -4.6 -4.4 80 Tcr_0428 Ribulose-bisphosphate carboxylase 1073 
M1 -2 -2.1 -1.8 75 Tcr_0429 ATPase associated with various cellular 1074 
activities, AAA_5 1075 
M2 -2 -2.1 -1.8 85 Tcr_0429 ATPase associated with various cellular 1076 
activities, AAA_5 1077 
S1 -1.9 -2.1 -1.8 91 Tcr_0429 ATPase associated with various cellular 1078 
activities, AAA_5 1079 
S2 -1.7 -1.9 -1.6 51 Tcr_0429 ATPase associated with various cellular 1080 
activities, AAA_5 1081 
M1 -2.7 -3.4 -2 7 Tcr_0430 von Willebrand factor, type A 1082 
M2 -2.4 -3.5 -1.7 5 Tcr_0430 von Willebrand factor, type A 1083 
S1 -3.1 -6.7 -2.1 8 Tcr_0430 von Willebrand factor, type A 1084 
S2 -3.1 -6.8 -2.3 8 Tcr_0430 von Willebrand factor, type A 1085 
S2 -2 -2.6 -1.1 4 Tcr_0431 hypothetical protein 1086 
M2 0.2 -1.3 1.9 2 Tcr_0434 Protein of unknown function DUF214 1087 
M1 0.3 -0.2 0.8 14 Tcr_0438 phosphoribosylamine--glycine ligase  1088 
M2 -0.2 -0.7 0.3 11 Tcr_0438 phosphoribosylamine--glycine ligase 1089 
S1 0.1 -0.1 0.3 112 Tcr_0438 phosphoribosylamine--glycine ligase 1090 
S2 -0.1 -0.3 0 98 Tcr_0438 phosphoribosylamine--glycine ligase 1091 
M1 -0.1 -0.6 0.5 9 Tcr_0439 phosphoribosylaminoimidazolecarboxamide 1092 
formyltransferase/IMP cyclohydrolase  1093 
M2 -0.3 -0.7 0.1 23 Tcr_0439 phosphoribosylaminoimidazolecarboxamide 1094 
formyltransferase/IMP cyclohydrolase  1095 
S1 0 -0.2 0.1 130 Tcr_0439 phosphoribosylaminoimidazolecarboxamide 1096 
formyltransferase/IMP cyclohydrolase  1097 
S2 -0.2 -0.3 0 111 Tcr_0439 phosphoribosylaminoimidazolecarboxamide 1098 
formyltransferase/IMP cyclohydrolase  1099 
M1 -0.2 -1 0.6 4 Tcr_0441 Dihydrouridine synthase TIM-barrel protein 1100 
nifR3  1101 
M2 -0.3 -1.3 0.7 2 Tcr_0441 Dihydrouridine synthase TIM-barrel protein 1102 
nifR3  1103 
S2 -0.7 -1.6 0.2 4 Tcr_0441 Dihydrouridine synthase TIM-barrel protein 1104 
nifR3  1105 
M1 -0.1 -0.9 0.7 4 Tcr_0442 ribosomal protein L11 methyltransferase 1106 
M2 -0.1 -0.7 0.5 7 Tcr_0442 ribosomal protein L11 methyltransferase 1107 
S1 -0.3 -1.2 0.7 3 Tcr_0442 ribosomal protein L11 methyltransferase 1108 
S2 1.4 0.2 7.2 3 Tcr_0442 ribosomal protein L11 methyltransferase 1109 
M1 0 -0.2 0.2 35 Tcr_0443 acetyl-CoA carboxylase, biotin carboxylase 1110 
M2 -0.1 -0.3 0.1 58 Tcr_0443 acetyl-CoA carboxylase, biotin carboxylase 1111 
S1 0.2 0 0.4 55 Tcr_0443 acetyl-CoA carboxylase, biotin carboxylase 1112 
S2 0 -0.2 0.3 44 Tcr_0443 acetyl-CoA carboxylase, biotin carboxylase 1113 
M1 0.1 -0.9 1 2 Tcr_0444 acetyl-CoA carboxylase, biotin carboxyl carrier 1114 
protein 1115 
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S1 0.5 -0.1 1.2 9 Tcr_0444 acetyl-CoA carboxylase, biotin carboxyl carrier 1116 
protein 1117 
S2 0.4 -0.1 0.8 13 Tcr_0444 acetyl-CoA carboxylase, biotin carboxyl carrier 1118 
protein 1119 
M1 0 -1.3 1.4 2 Tcr_0445 3-dehydroquinate dehydratase, type II 1120 
M2 0.7 0.2 1.2 7 Tcr_0445 3-dehydroquinate dehydratase, type II 1121 
S1 -0.1 -0.4 0.2 9 Tcr_0445 3-dehydroquinate dehydratase, type II 1122 
S2 -0.1 -0.6 0.4 10 Tcr_0445 3-dehydroquinate dehydratase, type II 1123 
M1 0.6 0.2 0.9 13 Tcr_0446 Protein-disulfide reductase 1124 
M2 0.9 0.6 1.3 14 Tcr_0446 Protein-disulfide reductase 1125 
S1 0.1 -0.7 1 3 Tcr_0446 Protein-disulfide reductase 1126 
M1 0.1 -0.5 0.8 5 Tcr_0448 NAD-dependent epimerase/dehydratase 1127 
M2 -0.1 -0.7 0.5 6 Tcr_0448 NAD-dependent epimerase/dehydratase 1128 
S1 0.5 0.2 0.8 22 Tcr_0448 NAD-dependent epimerase/dehydratase 1129 
S2 0.2 -0.1 0.6 21 Tcr_0448 NAD-dependent epimerase/dehydratase 1130 
M1 1.3 1.1 1.5 67 Tcr_0449 Membrane protein involved in aromatic 1131 
hydrocarbon degradation 1132 
M2 2.2 2.1 2.4 142 Tcr_0449 Membrane protein involved in aromatic 1133 
hydrocarbon degradation 1134 
S1 1.1 0.8 1.4 27 Tcr_0449 Membrane protein involved in aromatic 1135 
hydrocarbon degradation 1136 
S2 1.7 1.5 2 32 Tcr_0449 Membrane protein involved in aromatic 1137 
hydrocarbon degradation 1138 
M1 0.4 0.3 0.6 80 Tcr_0450 hypothetical protein 1139 
M2 1.1 0.9 1.2 135 Tcr_0450 hypothetical protein 1140 
S1 0.4 0.2 0.7 32 Tcr_0450 hypothetical protein 1141 
S2 1.3 0.9 1.6 16 Tcr_0450 hypothetical protein 1142 
M1 2 -0.5 3.7 2 Tcr_0451 D-isomer specific 2-hydroxyacid dehydrogenase, 1143 
NAD-binding 1144 
M2 0.9 0 3.3 5 Tcr_0451 D-isomer specific 2-hydroxyacid dehydrogenase, 1145 
NAD-binding 1146 
S1 -0.9 -6.7 0.1 5 Tcr_0451 D-isomer specific 2-hydroxyacid dehydrogenase, 1147 
NAD-binding 1148 
S2 0.2 -1.1 1.5 2 Tcr_0451 D-isomer specific 2-hydroxyacid dehydrogenase, 1149 
NAD-binding 1150 
M1 -0.6 -0.8 -0.4 38 Tcr_0453 Outer membrane efflux protein 1151 
M2 -1.1 -1.3 -0.8 58 Tcr_0453 Outer membrane efflux protein 1152 
S1 -1.1 -1.6 -0.6 8 Tcr_0453 Outer membrane efflux protein 1153 
S2 -1.6 -2.1 -1 12 Tcr_0453 Outer membrane efflux protein 1154 
M1 0.2 0 0.4 45 Tcr_0454 Secretion protein HlyD 1155 
M2 -0.2 -0.4 0 58 Tcr_0454 Secretion protein HlyD 1156 
S1 0 -0.5 0.5 9 Tcr_0454 Secretion protein HlyD 1157 
S2 -0.4 -1 0.2 8 Tcr_0454 Secretion protein HlyD 1158 
M1 0.2 -0.1 0.5 18 Tcr_0455 Acriflavin resistance protein 1159 
M2 -0.3 -0.6 0.1 26 Tcr_0455 Acriflavin resistance protein 1160 
S2 -0.8 -1.2 -0.4 5 Tcr_0455 Acriflavin resistance protein 1161 
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M1 -0.3 -1.1 0.5 3 Tcr_0456 Cobalamin synthesis protein/P47K 1162 
M2 0.1 -0.8 0.9 4 Tcr_0456 Cobalamin synthesis protein/P47K 1163 
S1 0 -1.1 1 2 Tcr_0456 Cobalamin synthesis protein/P47K 1164 
S2 -0.3 -1.6 1 2 Tcr_0456 Cobalamin synthesis protein/P47K 1165 
M1 0 -1 0.9 4 Tcr_0457 diguanylate cyclase (GGDEF domain) 1166 
M2 -0.5 -1.5 0.5 3 Tcr_0457 diguanylate cyclase (GGDEF domain) 1167 
S1 -0.2 -0.8 0.4 8 Tcr_0457 diguanylate cyclase (GGDEF domain) 1168 
S2 -0.2 -0.8 0.3 12 Tcr_0457 diguanylate cyclase (GGDEF domain) 1169 
M1 -0.5 -1.4 0.4 3 Tcr_0460 putative transcriptional regulator, ModE family 1170 
S1 0.1 -0.8 1 2 Tcr_0460 putative transcriptional regulator, ModE family 1171 
M1 0 -0.3 0.3 15 Tcr_0461 ribosomal protein L13 1172 
M2 0.1 -0.1 0.3 45 Tcr_0461 ribosomal protein L13 1173 
S1 0 -0.4 0.5 12 Tcr_0461 ribosomal protein L13 1174 
S2 0.1 -0.3 0.4 10 Tcr_0461 ribosomal protein L13 1175 
M1 0 -0.3 0.4 19 Tcr_0462 Ribosomal protein S9 1176 
M2 0.1 -0.1 0.4 47 Tcr_0462 Ribosomal protein S9 1177 
S1 -0.2 -0.8 0.3 8 Tcr_0462 Ribosomal protein S9 1178 
S2 0.1 -0.4 0.6 10 Tcr_0462 Ribosomal protein S9 1179 
M1 1.3 1.1 1.5 63 Tcr_0463 Ribonucleoside-diphosphate reductase 1180 
M2 0.2 0 0.4 102 Tcr_0463 Ribonucleoside-diphosphate reductase 1181 
S1 1.2 1 1.4 128 Tcr_0463 Ribonucleoside-diphosphate reductase 1182 
S2 0.2 0 0.4 89 Tcr_0463 Ribonucleoside-diphosphate reductase 1183 
M1 0.9 0.6 1.1 27 Tcr_0464 Porin, Gram-negative type 1184 
M2 0.9 0.6 1.2 38 Tcr_0464 Porin, Gram-negative type 1185 
S1 0.6 0.1 1 15 Tcr_0464 Porin, Gram-negative type 1186 
S2 0.7 0.2 1.2 18 Tcr_0464 Porin, Gram-negative type 1187 
S1 0.1 -0.5 0.8 7 Tcr_0465 hypothetical protein 1188 
S2 0.2 -0.8 1.2 2 Tcr_0465 hypothetical protein 1189 
M2 -4 -4.6 -3.3 13 Tcr_0466 hypothetical protein 1190 
S2 -2.8 -6.8 -1 3 Tcr_0466 hypothetical protein 1191 
M1 -1 -1.4 -0.6 9 Tcr_0473 tRNA-i(6)A37 modification enzyme MiaB 1192 
M2 -0.4 -0.8 0 9 Tcr_0473 tRNA-i(6)A37 modification enzyme MiaB 1193 
S1 -1 -1.3 -0.6 11 Tcr_0473 tRNA-i(6)A37 modification enzyme MiaB 1194 
S2 -0.7 -1.1 -0.2 11 Tcr_0473 tRNA-i(6)A37 modification enzyme MiaB 1195 
M2 -0.1 -1.1 0.9 2 Tcr_0474 PhoH-like protein  1196 
S2 -0.7 -2.1 0.3 6 Tcr_0474 PhoH-like protein  1197 
S1 -0.3 -0.9 3.6 3 Tcr_0476 Transporter-associated region  1198 
S2 -0.9 -1.8 0 4 Tcr_0476 Transporter-associated region  1199 
M2 0.1 -1.1 1.5 3 Tcr_0478 hypothetical protein  1200 
S1 0.1 -0.3 0.4 18 Tcr_0478 hypothetical protein  1201 
S2 -0.1 -0.4 0.2 19 Tcr_0478 hypothetical protein  1202 
S1 0.1 -0.2 0.3 49 Tcr_0479 leucyl-tRNA synthetase  1203 
S2 -0.1 -0.3 0.1 52 Tcr_0479 leucyl-tRNA synthetase  1204 
M1 -2.1 -3.3 1 2 Tcr_0481 DNA polymerase III, delta subunit  1205 
M1 0.1 -0.5 0.7 8 Tcr_0482 gamma-glutamyl phosphate reductase  1206 
M2 -0.1 -0.6 0.4 11 Tcr_0482 gamma-glutamyl phosphate reductase  1207 
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S1 0.4 0.2 0.6 64 Tcr_0482 gamma-glutamyl phosphate reductase 1208 
S2 0 -0.3 0.2 64 Tcr_0482 gamma-glutamyl phosphate reductase 1209 
S1 -0.7 -1.5 0.3 4 Tcr_0484 putative nicotinate-nucleotide 1210 
adenylyltransferase 1211 
S2 -0.2 -0.9 0.5 6 Tcr_0484 putative nicotinate-nucleotide 1212 
adenylyltransferase 1213 
M1 0 -0.3 0.2 12 Tcr_0485 Iojap-related protein 1214 
M2 -0.1 -0.4 0.1 31 Tcr_0485 Iojap-related protein 1215 
S1 0.2 -0.2 0.5 17 Tcr_0485 Iojap-related protein 1216 
S2 -0.1 -0.5 0.2 16 Tcr_0485 Iojap-related protein 1217 
S2 -0.2 -0.9 0.6 3 Tcr_0486 Protein of unknown function DUF163 1218 
M1 0 -0.3 0.2 31 Tcr_0492 ribosomal protein S20  1219 
M2 0 -0.2 0.2 46 Tcr_0492 ribosomal protein S20 1220 
S1 0.1 -0.3 0.5 14 Tcr_0492 ribosomal protein S20 1221 
S2 0 -0.4 0.3 14 Tcr_0492 ribosomal protein S20 1222 
M1 -0.4 -0.9 0.2 5 Tcr_0494 riboflavin biosynthesis protein RibF 1223 
M2 1.3 0.3 7.1 4 Tcr_0494 riboflavin biosynthesis protein RibF 1224 
S1 0.3 -0.6 1.3 2 Tcr_0494 riboflavin biosynthesis protein RibF 1225 
M1 0.3 -0.3 1 6 Tcr_0495 isoleucyl-tRNA synthetase 1226 
M2 -0.1 -1.3 1.1 2 Tcr_0495 isoleucyl-tRNA synthetase 1227 
S1 0.1 -0.1 0.3 75 Tcr_0495 isoleucyl-tRNA synthetase 1228 
S2 0 -0.2 0.2 58 Tcr_0495 isoleucyl-tRNA synthetase 1229 
S2 -0.3 -1.4 0.8 2 Tcr_0497 hypothetical protein  1230 
M1 -1.1 -2.3 0 3 Tcr_0498 Lytic murein transglycosylase 1231 
S1 -0.7 -1.7 -0.1 11 Tcr_0498 Lytic murein transglycosylase 1232 
S2 -0.3 -1.1 0.5 8 Tcr_0498 Lytic murein transglycosylase 1233 
M1 -0.1 -0.7 0.4 11 Tcr_0499 putative RNA methylase  1234 
M2 -0.2 -0.7 0.3 19 Tcr_0499 putative RNA methylase 1235 
S1 0.2 -0.6 1 5 Tcr_0499 putative RNA methylase 1236 
S2 -0.3 -1.1 0.5 4 Tcr_0499 putative RNA methylase 1237 
M1 0.4 -0.8 1.7 2 Tcr_0500 diguanylate cyclase (GGDEF domain) 1238 
M2 -0.3 -1.2 0.6 4 Tcr_0500 diguanylate cyclase (GGDEF domain) 1239 
S1 0.1 -0.5 0.7 7 Tcr_0500 diguanylate cyclase (GGDEF domain) 1240 
S2 -0.2 -0.8 0.4 9 Tcr_0500 diguanylate cyclase (GGDEF domain) 1241 
M1 0.4 -0.6 1.4 3 Tcr_0501 oxygen-independent coproporphyrinogen III 1242 
oxidase  1243 
M2 0.2 -0.6 1 5 Tcr_0501 oxygen-independent coproporphyrinogen III 1244 
oxidase  1245 
S1 -0.4 -1.2 0.5 5 Tcr_0501 oxygen-independent coproporphyrinogen III 1246 
oxidase  1247 
S2 0 -0.7 0.7 6 Tcr_0501 oxygen-independent coproporphyrinogen III 1248 
oxidase  1249 
M1 0.7 -0.2 1.6 4 Tcr_0502 Three-deoxy-D-manno-octulosonic-acid 1250 
transferase-like 1251 
M1 -0.3 -0.9 0.3 6 Tcr_0503 KpsF/GutQ family protein 1252 
M2 -0.1 -0.5 0.3 14 Tcr_0503 KpsF/GutQ family protein 1253 
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S1 -0.1 -0.4 0.3 16 Tcr_0503 KpsF/GutQ family protein  1254 
S2 -0.1 -0.4 0.3 20 Tcr_0503 KpsF/GutQ family protein  1255 
M1 -0.1 -0.4 0.2 25 Tcr_0505 RfaE bifunctional protein, domains I/II 1256 
M2 -0.3 -0.6 0 28 Tcr_0505 RfaE bifunctional protein, domains I/II 1257 
S1 0.4 0 0.8 21 Tcr_0505 RfaE bifunctional protein, domains I/II 1258 
S2 -0.1 -0.4 0.3 18 Tcr_0505 RfaE bifunctional protein, domains I/II 1259 
S1 -0.3 -1 0.5 10 Tcr_0506 phosphoheptose isomerase  1260 
S2 0.1 -0.7 0.8 3 Tcr_0506 phosphoheptose isomerase  1261 
M1 -1.1 -2.1 0.1 3 Tcr_0507 glucokinase  1262 
S1 -0.6 -1.1 -0.2 6 Tcr_0507 glucokinase  1263 
S2 -0.3 -1.5 0.8 2 Tcr_0507 glucokinase  1264 
S2 -1.1 -2 0.2 5 Tcr_0508 Glucose-1-phosphate adenylyltransferase  1265 
S1 -0.3 -0.8 0.3 5 Tcr_0509 Glycoside hydrolase, family 57  1266 
S2 -0.2 -1 0.6 3 Tcr_0509 Glycoside hydrolase, family 57  1267 
S1 -0.3 -1.3 0.6 2 Tcr_0510 4-alpha-glucanotransferase  1268 
S2 -0.3 -1.3 0.7 2 Tcr_0510 4-alpha-glucanotransferase  1269 
M2 -0.4 -1.3 0.5 3 Tcr_0512 Glycogen/starch synthase, ADP-glucose type 1270 
M2 -0.5 -1.4 0.3 2 Tcr_0513 Glycogen/starch/alpha-glucan phosphorylase 1271 
S1 -0.9 -1.4 -0.4 10 Tcr_0513 Glycogen/starch/alpha-glucan phosphorylase 1272 
S2 -0.6 -1.1 -0.2 11 Tcr_0513 Glycogen/starch/alpha-glucan phosphorylase 1273 
M1 -0.3 -0.9 0.2 2 Tcr_0515 GreA/GreB family elongation factor  1274 
M2 -3.1 -3.5 -2.7 2 Tcr_0515 GreA/GreB family elongation factor  1275 
S2 0 -0.9 1.7 2 Tcr_0515 GreA/GreB family elongation factor  1276 
M1 0.1 -0.3 0.4 14 Tcr_0516 hypothetical protein  1277 
M2 0.2 -0.2 0.5 22 Tcr_0516 hypothetical protein 1278 
S2 -0.5 -1.5 0.5 2 Tcr_0516 hypothetical protein 1279 
S1 0 -0.7 0.9 4 Tcr_0517 hypothetical protein 1280 
S2 0.1 -0.7 0.9 3 Tcr_0517 hypothetical protein 1281 
M1 -0.2 -0.4 0 38 Tcr_0519 2,4-diaminobutyrate 4-transaminase 1282 
M2 -0.5 -0.7 -0.3 76 Tcr_0519 2,4-diaminobutyrate 4-transaminase 1283 
S1 0.1 -0.1 0.3 87 Tcr_0519 2,4-diaminobutyrate 4-transaminase 1284 
S2 -0.5 -0.6 -0.3 54 Tcr_0519 2,4-diaminobutyrate 4-transaminase 1285 
M1 -0.1 -0.8 0.6 3 Tcr_0520 Ectoine synthase 1286 
S1 0 -0.3 0.4 23 Tcr_0520 Ectoine synthase 1287 
S2 -0.5 -0.8 -0.1 23 Tcr_0520 Ectoine synthase 1288 
M1 -0.2 -0.6 0.2 7 Tcr_0521 amino acid-binding ACT 1289 
M2 -0.6 -1.2 0 4 Tcr_0521 amino acid-binding ACT 1290 
S1 0 -0.4 0.4 14 Tcr_0521 amino acid-binding ACT 1291 
S2 -0.6 -1.1 0 9 Tcr_0521 amino acid-binding ACT 1292 
M1 0.4 -0.3 1 7 Tcr_0522 TPR repeat domain protein 1293 
M2 -0.2 -0.7 0.4 6 Tcr_0522 TPR repeat domain protein 1294 
M1 -1 -2.2 0.9 2 Tcr_0523 hypothetical protein  1295 
M2 0.7 -0.1 1.5 5 Tcr_0523 hypothetical protein 1296 
S1 0.5 -0.2 1.2 4 Tcr_0523 hypothetical protein 1297 
S2 0.9 0.3 1.4 5 Tcr_0523 hypothetical protein 1298 
M1 0.2 -0.2 0.5 17 Tcr_0524 Outer membrane efflux protein 1299 
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M2 0.8 0.4 1.1 29 Tcr_0524 Outer membrane efflux protein 1300 
S1 0.3 -0.4 1.1 6 Tcr_0524 Outer membrane efflux protein 1301 
S2 1 0.4 1.6 9 Tcr_0524 Outer membrane efflux protein 1302 
M1 0.5 0.1 0.8 10 Tcr_0525 hypothetical protein 1303 
M2 0.5 0.2 0.9 12 Tcr_0525 hypothetical protein 1304 
S1 0.7 0.4 1.1 12 Tcr_0525 hypothetical protein 1305 
S2 1.1 0.6 1.5 5 Tcr_0525 hypothetical protein 1306 
M2 0.7 -0.5 1.8 2 Tcr_0527 NADH:flavin oxidoreductase/NADH oxidase 1307 
S1 0.8 0.5 1 30 Tcr_0527 NADH:flavin oxidoreductase/NADH oxidase 1308 
S2 0.6 0.3 0.9 26 Tcr_0527 NADH:flavin oxidoreductase/NADH oxidase 1309 
M1 0.5 0 1.1 8 Tcr_0529 DNA-directed DNA polymerase 1310 
M2 0.4 -0.3 1.1 4 Tcr_0529 DNA-directed DNA polymerase 1311 
S1 0.6 0.2 1 11 Tcr_0529 DNA-directed DNA polymerase 1312 
S2 0.4 -0.3 1 6 Tcr_0529 DNA-directed DNA polymerase 1313 
S1 0.4 0.1 0.7 14 Tcr_0530 hypothetical protein  1314 
S2 0.1 -0.2 0.4 17 Tcr_0530 hypothetical protein  1315 
M1 0.2 -0.4 0.9 4 Tcr_0531 recombination protein RecR 1316 
M2 -0.2 -1.2 0.7 3 Tcr_0531 recombination protein RecR 1317 
S1 0.4 -0.5 1.4 3 Tcr_0531 recombination protein RecR 1318 
S2 0.4 -0.6 1.5 2 Tcr_0531 recombination protein RecR 1319 
S1 0.6 0.3 0.9 29 Tcr_0532 ornithine carbamoyltransferase  1320 
S2 0.4 0.2 0.7 29 Tcr_0532 ornithine carbamoyltransferase  1321 
M2 0.1 -0.8 1.3 3 Tcr_0533 acetylornithine and succinylornithine 1322 
aminotransferase  1323 
S1 0.2 -0.1 0.4 34 Tcr_0533 acetylornithine and succinylornithine 1324 
aminotransferase  1325 
S2 0.2 -0.1 0.5 30 Tcr_0533 acetylornithine and succinylornithine 1326 
aminotransferase  1327 
M1 0 -0.9 0.9 3 Tcr_0534 branched-chain amino acid aminotransferase 1328 
M2 0.3 -0.3 1 7 Tcr_0534 branched-chain amino acid aminotransferase 1329 
S1 0.2 -0.1 0.4 43 Tcr_0534 branched-chain amino acid aminotransferase 1330 
S2 0.3 0 0.5 40 Tcr_0534 branched-chain amino acid aminotransferase 1331 
S1 0.4 -0.8 1.5 2 Tcr_0535 hypothetical protein  1332 
S2 -0.1 -1.4 1.1 2 Tcr_0535 hypothetical protein  1333 
M1 -0.3 -0.5 -0.1 59 Tcr_0536 glutamine synthetase, type I  1334 
M2 -1 -1.2 -0.9 92 Tcr_0536 glutamine synthetase, type I 1335 
S1 -0.2 -0.3 -0.1 230 Tcr_0536 glutamine synthetase, type I 1336 
S2 -0.9 -1 -0.8 160 Tcr_0536 glutamine synthetase, type I 1337 
M1 0.5 -0.2 1.2 6 Tcr_0537 Binding-protein-dependent transport systems 1338 
inner membrane component 1339 
M2 0.5 -0.5 1.5 2 Tcr_0537 Binding-protein-dependent transport systems 1340 
inner membrane component 1341 
M1 0.6 0.1 1.2 3 Tcr_0538 Phosphate transport system permease protein 2 1342 
M2 0.4 -0.4 1.2 4 Tcr_0538 Phosphate transport system permease protein 2 1343 
M1 0.8 0.4 1.3 8 Tcr_0539 Phosphate transport system permease protein 1 1344 
M2 0.6 0.3 1 18 Tcr_0539 Phosphate transport system permease protein 1 1345 
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S1 1.2 0.1 2.3 3 Tcr_0539 Phosphate transport system permease protein 1 1346 
M1 0 -0.3 0.4 13 Tcr_0540 phosphate uptake regulator, PhoU  1347 
M2 0.2 0 0.5 26 Tcr_0540 phosphate uptake regulator, PhoU 1348 
S1 0.5 0.2 0.8 25 Tcr_0540 phosphate uptake regulator, PhoU 1349 
S2 0.3 -0.1 0.6 19 Tcr_0540 phosphate uptake regulator, PhoU 1350 
M2 -0.2 -1.5 0.9 3 Tcr_0541 two component transcriptional regulator, winged 1351 
helix family  1352 
S1 0.1 -0.5 0.8 5 Tcr_0541 two component transcriptional regulator, winged 1353 
helix family  1354 
S2 0.1 -0.8 1 4 Tcr_0541 two component transcriptional regulator, winged 1355 
helix family  1356 
M1 0.6 -0.6 1.7 2 Tcr_0542 histidine kinase  1357 
M1 -0.2 -1.4 1 2 Tcr_0543 Phosphate transporter 1358 
M1 -0.2 -0.6 0.1 20 Tcr_0544 Phosphate binding protein 1359 
M2 -0.1 -0.3 0.1 46 Tcr_0544 Phosphate binding protein 1360 
S1 0 -0.2 0.3 29 Tcr_0544 Phosphate binding protein 1361 
S2 0 -0.3 0.3 21 Tcr_0544 Phosphate binding protein 1362 
M1 0.1 -0.4 0.6 6 Tcr_0550 ABC transporter related  1363 
M2 0.6 -0.3 1.4 4 Tcr_0550 ABC transporter related  1364 
M1 2.8 2.3 3.3 3 Tcr_0552 putative lipoprotein  1365 
M1 0.1 -0.6 0.8 5 Tcr_0553 methyl-accepting chemotaxis sensory transducer 1366 
with Pas/Pac sensor 1367 
M2 0.1 -0.3 0.5 13 Tcr_0553 methyl-accepting chemotaxis sensory transducer 1368 
with Pas/Pac sensor 1369 
S1 -0.9 -1.4 -0.4 7 Tcr_0553 methyl-accepting chemotaxis sensory transducer 1370 
with Pas/Pac sensor 1371 
M1 -0.6 -1.5 0.3 3 Tcr_0554 ATP-dependent helicase HrpB  1372 
M1 -0.7 -1.2 -0.3 8 Tcr_0555 putative signal transduction protein 1373 
M2 -1 -1.6 -0.4 8 Tcr_0555 putative signal transduction protein 1374 
S2 -0.5 -1.5 0.4 3 Tcr_0555 putative signal transduction protein 1375 
S1 0.4 -0.4 1.3 4 Tcr_0556 hypothetical protein  1376 
S2 0.4 -0.3 1.2 4 Tcr_0556 hypothetical protein 1377 
M1 0.8 0.4 1.2 8 Tcr_0558 hypothetical protein 1378 
M2 0.1 -0.3 0.6 10 Tcr_0558 hypothetical protein 1379 
S1 1 0.5 1.6 9 Tcr_0558 hypothetical protein 1380 
S2 0.6 0.1 1.1 9 Tcr_0558 hypothetical protein 1381 
M1 0.4 -0.1 0.8 9 Tcr_0559 methyltransferase 1382 
M2 0.2 -0.3 0.7 9 Tcr_0559 methyltransferase 1383 
S1 0.8 0.1 1.4 5 Tcr_0559 methyltransferase 1384 
S2 0.4 -0.4 1.1 5 Tcr_0559 methyltransferase 1385 
M1 1.7 1.4 2 29 Tcr_0560 cell division protein FtsZ 1386 
M2 1.2 0.9 1.6 26 Tcr_0560 cell division protein FtsZ 1387 
S1 1.9 1.6 2.2 35 Tcr_0560 cell division protein FtsZ 1388 
S2 1 0.7 1.4 22 Tcr_0560 cell division protein FtsZ 1389 
M1 1 0.3 1.7 8 Tcr_0562 Peptidoglycan glycosyltransferase 1390 
M2 0.3 -0.6 1.2 6 Tcr_0562 Peptidoglycan glycosyltransferase 1391 
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M1 0.1 -1.5 1.8 2 Tcr_0563 UDP-N-acetylmuramyl-tripeptide synthetase 1392 
M1 -0.1 -1.4 1.2 2 Tcr_0564 UDP-N-acetylmuramoylalanyl-D-glutamyl-2, 6-1393 
diaminopimelate--D-alanyl-D-alanyl ligase  1394 
S1 0.1 -0.5 0.6 9 Tcr_0564 UDP-N-acetylmuramoylalanyl-D-glutamyl-2, 6-1395 
diaminopimelate--D-alanyl-D-alanyl ligase  1396 
S2 0.1 -0.7 0.9 6 Tcr_0564 UDP-N-acetylmuramoylalanyl-D-glutamyl-2, 6-1397 
diaminopimelate--D-alanyl-D-alanyl ligase  1398 
M1 0.5 -0.2 1.2 6 Tcr_0566 UDP-N-acetylmuramoylalanine--D-glutamate 1399 
ligase  1400 
M2 1.1 -0.1 2.3 2 Tcr_0566 UDP-N-acetylmuramoylalanine--D-glutamate 1401 
ligase  1402 
S1 0.1 -0.2 0.5 17 Tcr_0566 UDP-N-acetylmuramoylalanine--D-glutamate 1403 
ligase  1404 
S2 0.6 0.2 1.1 9 Tcr_0566 UDP-N-acetylmuramoylalanine--D-glutamate 1405 
ligase  1406 
M2 0 -0.9 1 3 Tcr_0568 UDP-N-acetylglucosamine--N-acetylmuramyl- 1407 
(pentapeptide) pyrophosphoryl-undecaprenol N-acetylglucosamine transferase  1408 
S1 0 -1.2 1.3 2 Tcr_0568 UDP-N-acetylglucosamine--N-acetylmuramyl- 1409 
(pentapeptide) pyrophosphoryl-undecaprenol N-acetylglucosamine transferase  1410 
S1 0.7 -1 1.7 4 Tcr_0569 Short-chain dehydrogenase/reductase SDR 1411 
S2 -0.1 -1.1 0.9 4 Tcr_0569 Short-chain dehydrogenase/reductase SDR  1412 
M1 -0.1 -0.5 0.2 17 Tcr_0570 methyl-accepting chemotaxis sensory transducer 1413 
M2 -0.1 -0.4 0.2 41 Tcr_0570 methyl-accepting chemotaxis sensory transducer 1414 
S1 -0.3 -1.1 0.5 5 Tcr_0570 methyl-accepting chemotaxis sensory transducer 1415 
S2 -0.3 -1.6 4.1 4 Tcr_0570 methyl-accepting chemotaxis sensory transducer 1416 
S1 -0.4 -0.8 0 13 Tcr_0572 Thymidylate synthase  1417 
S2 -0.3 -0.8 0.3 10 Tcr_0572 Thymidylate synthase  1418 
S2 0.4 -0.9 1.7 2 Tcr_0573 Dihydrofolate reductase  1419 
M1 0.4 0.2 0.6 43 Tcr_0574 methyl-accepting chemotaxis sensory transducer 1420 
M2 0.2 0 0.4 92 Tcr_0574 methyl-accepting chemotaxis sensory transducer 1421 
S1 0.2 -0.1 0.5 20 Tcr_0574 methyl-accepting chemotaxis sensory transducer 1422 
S2 0.4 0 0.8 20 Tcr_0574 methyl-accepting chemotaxis sensory transducer 1423 
M1 0.2 -0.5 0.9 3 Tcr_0576 ABC transporter related  1424 
M1 -0.6 -1.5 0.3 3 Tcr_0579 FeS assembly protein SufB  1425 
M2 -0.6 -1.5 0.2 3 Tcr_0579 FeS assembly protein SufB 1426 
S1 -0.1 -0.5 0.4 12 Tcr_0579 FeS assembly protein SufB 1427 
S2 -0.1 -0.5 0.4 13 Tcr_0579 FeS assembly protein SufB 1428 
M1 -0.3 -0.8 0.3 10 Tcr_0580 FeS assembly ATPase SufC 1429 
M2 0 -0.5 0.4 13 Tcr_0580 FeS assembly ATPase SufC 1430 
S1 0 -0.3 0.3 29 Tcr_0580 FeS assembly ATPase SufC 1431 
S2 0 -0.3 0.4 27 Tcr_0580 FeS assembly ATPase SufC 1432 
M1 0.2 -0.5 0.8 4 Tcr_0581 FeS assembly protein SufD 1433 
M2 0 -0.5 0.6 8 Tcr_0581 FeS assembly protein SufD 1434 
S1 0.1 -0.4 0.6 13 Tcr_0581 FeS assembly protein SufD 1435 
S2 -0.1 -0.8 0.5 7 Tcr_0581 FeS assembly protein SufD 1436 
S1 -0.2 -0.8 0.4 7 Tcr_0582 cysteine desulfurase, SufS subfamily 1437 
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S2 0 -0.6 0.6 7 Tcr_0582 cysteine desulfurase, SufS subfamily  1438 
M1 -0.4 -1.1 0.3 4 Tcr_0584 UDP-N-acetylmuramate--alanine ligase 1439 
M2 -0.3 -0.9 0.3 9 Tcr_0584 UDP-N-acetylmuramate--alanine ligase 1440 
S1 -0.4 -1.1 0.2 7 Tcr_0584 UDP-N-acetylmuramate--alanine ligase 1441 
S2 -0.1 -0.8 0.5 6 Tcr_0584 UDP-N-acetylmuramate--alanine ligase 1442 
S1 0.1 -0.6 0.8 3 Tcr_0585 D-alanine--D-alanine ligase 1443 
S2 0.4 -0.5 1.4 6 Tcr_0585 D-alanine--D-alanine ligase 1444 
M1 0.6 -0.3 1.5 3 Tcr_0586 Cell division protein FtsQ  1445 
M1 -0.2 -0.4 0 38 Tcr_0587 cell division protein FtsA 1446 
M2 -0.1 -0.3 0.2 40 Tcr_0587 cell division protein FtsA 1447 
S1 0 -0.3 0.2 36 Tcr_0587 cell division protein FtsA 1448 
S2 0.3 -0.1 0.6 23 Tcr_0587 cell division protein FtsA 1449 
M1 -0.1 -0.5 0.3 7 Tcr_0588 UDP-3-0-acyl N-acetylglucosamine deacetylase 1450 
M2 0.2 -0.5 0.9 6 Tcr_0588 UDP-3-0-acyl N-acetylglucosamine deacetylase 1451 
S1 0 -0.5 0.5 5 Tcr_0588 UDP-3-0-acyl N-acetylglucosamine deacetylase 1452 
S2 0.5 -0.2 1.2 7 Tcr_0588 UDP-3-0-acyl N-acetylglucosamine deacetylase 1453 
M1 0 -0.4 0.3 16 Tcr_0589 preprotein translocase, SecA subunit 1454 
M2 0.2 -0.3 0.7 15 Tcr_0589 preprotein translocase, SecA subunit 1455 
S1 0.1 -0.1 0.3 74 Tcr_0589 preprotein translocase, SecA subunit 1456 
S2 0 -0.2 0.2 58 Tcr_0589 preprotein translocase, SecA subunit 1457 
M1 0 -0.4 0.4 18 Tcr_0590 arginine biosynthesis bifunctional protein ArgJ 1458 
M2 0 -0.4 0.4 17 Tcr_0590 arginine biosynthesis bifunctional protein ArgJ 1459 
S1 0.1 -0.2 0.5 30 Tcr_0590 arginine biosynthesis bifunctional protein ArgJ 1460 
S2 0 -0.3 0.4 29 Tcr_0590 arginine biosynthesis bifunctional protein ArgJ 1461 
S1 -0.1 -0.5 0.2 15 Tcr_0591 histidinol-phosphate aminotransferase  1462 
S2 0 -0.4 0.4 14 Tcr_0591 histidinol-phosphate aminotransferase  1463 
S1 -0.2 -0.6 0.3 6 Tcr_0592 mutator mutT protein  1464 
S2 -0.3 -1 0.4 7 Tcr_0592 mutator mutT protein  1465 
S1 -0.3 -1 0.4 7 Tcr_0594 Dephospho-CoA kinase  1466 
S2 0.3 -0.7 1.3 2 Tcr_0594 Dephospho-CoA kinase  1467 
S1 0.4 -0.2 1 7 Tcr_0595 Asparagine synthase, glutamine-hydrolyzing  1468 
S2 0 -0.6 0.6 7 Tcr_0595 Asparagine synthase, glutamine-hydrolyzing  1469 
M1 0.2 -0.3 0.6 5 Tcr_0596 Glutaredoxin-related protein  1470 
S1 0.3 0.1 0.6 26 Tcr_0596 Glutaredoxin-related protein  1471 
S2 0.2 -0.2 0.5 14 Tcr_0596 Glutaredoxin-related protein  1472 
S1 0 -0.6 0.5 10 Tcr_0598 Amino-acid N-acetyltransferase, ArgA  1473 
S2 0.3 -0.6 1 7 Tcr_0598 Amino-acid N-acetyltransferase, ArgA  1474 
M1 1.7 1.3 2.1 20 Tcr_0599 dihydroxy-acid dehydratase  1475 
M2 1.6 1.2 2 34 Tcr_0599 dihydroxy-acid dehydratase 1476 
S1 0.1 -0.1 0.3 85 Tcr_0599 dihydroxy-acid dehydratase 1477 
S2 -0.1 -0.3 0.1 95 Tcr_0599 dihydroxy-acid dehydratase 1478 
M1 0.8 0.7 0.9 169 Tcr_0601 sulfur oxidation protein SoxA 1479 
M2 0.6 0.4 0.7 209 Tcr_0601 sulfur oxidation protein SoxA 1480 
S1 0.8 0.6 1.1 44 Tcr_0601 sulfur oxidation protein SoxA 1481 
S2 0.5 0.2 0.8 30 Tcr_0601 sulfur oxidation protein SoxA 1482 
M1 0.1 -0.1 0.2 130 Tcr_0602 hypothetical protein  1483 
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M2 0.3 0.2 0.4 170 Tcr_0602 hypothetical protein 1484 
S1 0.3 0.2 0.5 184 Tcr_0602 hypothetical protein 1485 
S2 0.5 0.3 0.6 133 Tcr_0602 hypothetical protein 1486 
M1 0.2 0.1 0.4 114 Tcr_0603 Sulfur oxidation protein SoxY-like 1487 
M2 0.4 0.2 0.5 246 Tcr_0603 Sulfur oxidation protein SoxY-like 1488 
S1 0.4 0.2 0.5 202 Tcr_0603 Sulfur oxidation protein SoxY-like 1489 
S2 0.5 0.3 0.6 140 Tcr_0603 Sulfur oxidation protein SoxY-like 1490 
M1 0.7 0.5 1 25 Tcr_0604 Cytochrome c, class I 1491 
M2 1 0.6 1.3 18 Tcr_0604 Cytochrome c, class I 1492 
S1 0.6 0 1.3 4 Tcr_0604 Cytochrome c, class I 1493 
S2 2.3 -0.8 3.9 3 Tcr_0604 Cytochrome c, class I 1494 
M1 -0.1 -0.6 0.3 10 Tcr_0605 Peptidase M48, Ste24p 1495 
M2 0.4 -0.2 0.9 8 Tcr_0605 Peptidase M48, Ste24p 1496 
S1 0.6 -0.1 1.2 7 Tcr_0605 Peptidase M48, Ste24p 1497 
S2 0.3 -0.6 1.1 5 Tcr_0605 Peptidase M48, Ste24p 1498 
M1 -1.2 -2.3 -0.3 3 Tcr_0607 UTP-glucose-1-phosphate uridylyltransferase 1499 
M2 -0.7 -1.2 -0.1 4 Tcr_0607 UTP-glucose-1-phosphate uridylyltransferase 1500 
S1 -0.7 -1 -0.5 24 Tcr_0607 UTP-glucose-1-phosphate uridylyltransferase 1501 
S2 -0.7 -1 -0.4 17 Tcr_0607 UTP-glucose-1-phosphate uridylyltransferase 1502 
M1 -1 -1.4 -0.6 14 Tcr_0608 Glucose-6-phosphate isomerase 1503 
M2 -0.8 -1.2 -0.3 15 Tcr_0608 Glucose-6-phosphate isomerase 1504 
S1 -0.7 -1.1 -0.4 22 Tcr_0608 Glucose-6-phosphate isomerase 1505 
S2 -0.2 -0.6 0.2 13 Tcr_0608 Glucose-6-phosphate isomerase 1506 
M1 -0.5 -0.8 -0.1 12 Tcr_0609 UDP-glucose 6-dehydrogenase 1507 
M2 -0.4 -0.8 0.1 19 Tcr_0609 UDP-glucose 6-dehydrogenase 1508 
S1 -0.2 -0.7 0.4 11 Tcr_0609 UDP-glucose 6-dehydrogenase 1509 
S2 -0.1 -0.7 0.4 12 Tcr_0609 UDP-glucose 6-dehydrogenase 1510 
M1 0.3 -0.3 1 5 Tcr_0611 2-isopropylmalate synthase 1511 
M2 0.2 -0.3 0.7 13 Tcr_0611 2-isopropylmalate synthase 1512 
S1 0 -0.2 0.2 53 Tcr_0611 2-isopropylmalate synthase 1513 
S2 0 -0.3 0.3 38 Tcr_0611 2-isopropylmalate synthase 1514 
S1 0.4 0 0.9 12 Tcr_0614 Inositol monophosphatase  1515 
S2 0.5 -0.4 1.3 5 Tcr_0614 Inositol monophosphatase  1516 
M1 -0.2 -0.8 0.5 6 Tcr_0615 RNA methyltransferase TrmH, group 1 1517 
M2 0 -0.6 0.6 10 Tcr_0615 RNA methyltransferase TrmH, group 1 1518 
S1 0.1 -0.4 0.6 10 Tcr_0615 RNA methyltransferase TrmH, group 1 1519 
S2 0 -0.5 0.5 10 Tcr_0615 RNA methyltransferase TrmH, group 1 1520 
M1 0.3 -0.2 0.8 5 Tcr_0616 serine O-acetyltransferase  1521 
M2 0.3 -0.1 0.7 15 Tcr_0616 serine O-acetyltransferase  1522 
M1 -0.3 -1.2 0.6 2 Tcr_0617 transcriptional regulator, BadM/Rrf2 family 1523 
M2 -0.1 -0.6 0.4 9 Tcr_0617 transcriptional regulator, BadM/Rrf2 family 1524 
S1 0.1 -0.3 0.5 10 Tcr_0617 transcriptional regulator, BadM/Rrf2 family 1525 
S2 0.2 -0.3 0.6 10 Tcr_0617 transcriptional regulator, BadM/Rrf2 family 1526 
S1 -0.2 -0.6 0.2 9 Tcr_0618 HesB/YadR/YfhF  1527 
S2 -0.1 -0.7 0.4 6 Tcr_0618 HesB/YadR/YfhF  1528 
M1 0.1 -0.8 1 2 Tcr_0619 Nucleoside-diphosphate kinase  1529 
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M2 0.1 -0.7 1 3 Tcr_0619 Nucleoside-diphosphate kinase 1530 
S1 0.2 -0.1 0.4 38 Tcr_0619 Nucleoside-diphosphate kinase 1531 
S2 0.1 -0.2 0.3 36 Tcr_0619 Nucleoside-diphosphate kinase 1532 
M1 -0.2 -0.5 0.2 14 Tcr_0620 hypothetical protein 1533 
M2 0 -0.4 0.3 26 Tcr_0620 hypothetical protein 1534 
S1 0.1 -0.4 0.7 13 Tcr_0620 hypothetical protein 1535 
S2 0.3 -0.2 0.8 10 Tcr_0620 hypothetical protein 1536 
M2 -0.2 -1.3 1 3 Tcr_0621 hypothetical protein 1537 
M1 -0.2 -0.6 0.1 14 Tcr_0622 histidyl-tRNA synthetase 1538 
M2 -0.2 -0.5 0.1 21 Tcr_0622 histidyl-tRNA synthetase 1539 
S1 -0.1 -0.4 0.2 27 Tcr_0622 histidyl-tRNA synthetase 1540 
S2 -0.4 -0.8 -0.1 26 Tcr_0622 histidyl-tRNA synthetase 1541 
M1 0.2 -0.1 0.6 16 Tcr_0623 hypothetical protein 1542 
M2 0.2 -0.1 0.6 40 Tcr_0623 hypothetical protein 1543 
S1 -0.9 -2.1 0.6 3 Tcr_0623 hypothetical protein 1544 
S2 0.4 -0.8 1.6 2 Tcr_0623 hypothetical protein 1545 
M1 0.6 -0.2 1.2 5 Tcr_0624 Pyrrolo-quinoline quinone 1546 
M2 0.2 -0.7 1.1 2 Tcr_0624 Pyrrolo-quinoline quinone 1547 
S2 0.2 -1.1 1.5 2 Tcr_0624 Pyrrolo-quinoline quinone 1548 
M1 0 -0.5 0.5 6 Tcr_0625 Small GTP-binding protein domain 1549 
M2 0.1 -0.5 0.7 7 Tcr_0625 Small GTP-binding protein domain 1550 
S1 0.3 -0.2 0.9 11 Tcr_0625 Small GTP-binding protein domain 1551 
S2 0.3 -0.6 1.3 6 Tcr_0625 Small GTP-binding protein domain 1552 
M1 0.1 -0.2 0.3 32 Tcr_0626 hypothetical protein 1553 
M2 -0.2 -0.4 0 54 Tcr_0626 hypothetical protein 1554 
S1 -0.5 -1.3 0.5 6 Tcr_0626 hypothetical protein 1555 
S2 -0.3 -1 0.4 6 Tcr_0626 hypothetical protein 1556 
M1 -0.2 -0.4 0 40 Tcr_0627 D-isomer specific 2-hydroxyacid dehydrogenase, 1557 
NAD-binding 1558 
M2 -0.2 -0.4 0 77 Tcr_0627 D-isomer specific 2-hydroxyacid dehydrogenase, 1559 
NAD-binding 1560 
S1 0 -0.2 0.2 90 Tcr_0627 D-isomer specific 2-hydroxyacid dehydrogenase, 1561 
NAD-binding 1562 
S2 -0.1 -0.2 0.1 75 Tcr_0627 D-isomer specific 2-hydroxyacid dehydrogenase, 1563 
NAD-binding 1564 
M1 0.6 0.2 1 6 Tcr_0628 Cytochrome c, class I 1565 
M2 0.1 -0.4 0.7 9 Tcr_0628 Cytochrome c, class I 1566 
S1 0.5 0.1 0.9 19 Tcr_0628 Cytochrome c, class I 1567 
S2 0 -0.7 0.8 5 Tcr_0628 Cytochrome c, class I 1568 
M1 0 -0.4 0.4 8 Tcr_0629 Cytochrome c, class I 1569 
M2 -0.1 -0.4 0.2 20 Tcr_0629 Cytochrome c, class I 1570 
S1 0.1 -0.1 0.3 31 Tcr_0629 Cytochrome c, class I 1571 
S2 -0.1 -0.3 0.2 20 Tcr_0629 Cytochrome c, class I 1572 
S1 -1.1 -2.3 -0.1 4 Tcr_0630 GTPase EngC  1573 
M1 0.1 -0.6 0.9 2 Tcr_0631 Transcriptional coactivator/pterin dehydratase 1574 
S1 0.3 -0.5 1.1 3 Tcr_0631 Transcriptional coactivator/pterin dehydratase 1575 
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S1 0.4 -0.2 1 6 Tcr_0633 Exonuclease  1576 
S2 0.1 -0.6 0.9 4 Tcr_0633 Exonuclease  1577 
M1 -0.3 -0.7 0.1 13 Tcr_0634 acetolactate synthase, large subunit, biosynthetic 1578 
type 1579 
M2 0 -0.3 0.4 32 Tcr_0634 acetolactate synthase, large subunit, biosynthetic 1580 
type 1581 
S1 0.1 -0.3 0.4 24 Tcr_0634 acetolactate synthase, large subunit, biosynthetic 1582 
type 1583 
S2 0 -0.4 0.4 14 Tcr_0634 acetolactate synthase, large subunit, biosynthetic 1584 
type 1585 
S1 0 -0.9 0.9 4 Tcr_0635 acetolactate synthase, small subunit 1586 
M1 0.2 -0.2 0.6 17 Tcr_0636 ketol-acid reductoisomerase  1587 
M2 0.1 -0.2 0.4 25 Tcr_0636 ketol-acid reductoisomerase 1588 
S1 0.5 0.4 0.7 137 Tcr_0636 ketol-acid reductoisomerase 1589 
S2 0.3 0.1 0.4 106 Tcr_0636 ketol-acid reductoisomerase 1590 
M1 0.1 -1.4 1.8 2 Tcr_0637 ATPase  1591 
M2 -1 -2 0 2 Tcr_0637 ATPase  1592 
M1 -1.3 -2.1 -0.6 5 Tcr_0639 type II and III secretion system protein 1593 
M2 -0.1 -0.8 0.5 8 Tcr_0639 type II and III secretion system protein 1594 
S1 0.2 -0.9 1.3 2 Tcr_0639 type II and III secretion system protein 1595 
S2 0.3 -1 1.5 2 Tcr_0639 type II and III secretion system protein 1596 
M1 -1.4 -2.1 -0.7 3 Tcr_0640 TPR repeat domain protein  1597 
M2 -0.9 -2 0.1 2 Tcr_0640 TPR repeat domain protein  1598 
M1 -0.7 -1.3 -0.1 6 Tcr_0641 type II secretion system protein E 1599 
M2 -0.2 -0.8 0.4 9 Tcr_0641 type II secretion system protein E 1600 
S1 -0.3 -1.2 0.4 6 Tcr_0641 type II secretion system protein E 1601 
S2 0.1 -0.6 0.9 5 Tcr_0641 type II secretion system protein E 1602 
M1 0.2 -0.4 0.8 7 Tcr_0646 Protein of unknown function DUF195 1603 
M2 -0.2 -0.9 0.6 7 Tcr_0646 Protein of unknown function DUF195 1604 
M1 0.1 -0.2 0.4 18 Tcr_0647 ribosomal protein S16  1605 
M2 0.1 -0.2 0.3 26 Tcr_0647 ribosomal protein S16 1606 
S1 0 -0.3 0.3 17 Tcr_0647 ribosomal protein S16 1607 
S2 0.1 -0.3 0.5 13 Tcr_0647 ribosomal protein S16 1608 
M1 -0.1 -1.1 0.8 2 Tcr_0648 16S rRNA processing protein RimM 1609 
M2 -0.1 -1.4 1.2 2 Tcr_0648 16S rRNA processing protein RimM 1610 
S1 -0.2 -0.8 0.5 5 Tcr_0648 16S rRNA processing protein RimM 1611 
S2 0.1 -0.7 1 4 Tcr_0648 16S rRNA processing protein RimM 1612 
M1 0 -0.3 0.2 28 Tcr_0650 ribosomal protein L19 1613 
M2 0.1 -0.1 0.3 71 Tcr_0650 ribosomal protein L19 1614 
S1 0.2 -0.1 0.4 36 Tcr_0650 ribosomal protein L19 1615 
S2 0.1 -0.2 0.3 27 Tcr_0650 ribosomal protein L19 1616 
M1 -0.9 -1.8 -0.1 2 Tcr_0651 Tyrosine recombinase XerD  1617 
M2 0.7 0.2 1.3 10 Tcr_0652 thiol:disulfide interchange protein DsbC 1618 
S1 0.7 0.1 1.3 10 Tcr_0652 thiol:disulfide interchange protein DsbC 1619 
S2 0.9 0.3 1.4 10 Tcr_0652 thiol:disulfide interchange protein DsbC 1620 
M1 -0.3 -0.8 0.2 9 Tcr_0653 hypothetical protein  1621 
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M2 0 -0.4 0.4 15 Tcr_0653 hypothetical protein 1622 
M2 0.4 -0.1 1 2 Tcr_0654 hypothetical protein 1623 
S1 -0.5 -1 0 7 Tcr_0654 hypothetical protein 1624 
S2 0.4 -0.1 0.8 7 Tcr_0654 hypothetical protein 1625 
S2 -0.4 -1.4 0.7 2 Tcr_0656 Phage integrase  1626 
M1 3.4 2.2 7.1 5 Tcr_0659 hypothetical protein  1627 
M1 -0.2 -1.3 0.9 2 Tcr_0663 NAD-dependent DNA ligase (contains BRCT 1628 
domain type II)-like 1629 
S1 0.4 -0.8 1.7 2 Tcr_0663 NAD-dependent DNA ligase (contains BRCT 1630 
domain type II)-like 1631 
M1 -1 -1.9 -0.2 3 Tcr_0664 hypothetical protein 1632 
M2 -0.5 -1.2 0.2 5 Tcr_0664 hypothetical protein 1633 
S1 -1.1 -1.5 -0.6 12 Tcr_0664 hypothetical protein 1634 
S2 -0.3 -0.8 0.2 14 Tcr_0664 hypothetical protein 1635 
M1 -0.9 -1.9 0.1 2 Tcr_0665 hypothetical protein 1636 
M2 0.4 -0.8 1.6 2 Tcr_0665 hypothetical protein 1637 
S1 -0.9 -1.6 -0.2 4 Tcr_0665 hypothetical protein 1638 
S1 -0.7 -1.5 0 8 Tcr_0666 hypothetical protein 1639 
S2 -0.3 -0.9 0.3 9 Tcr_0666 hypothetical protein 1640 
M1 2.4 1.1 7.1 3 Tcr_0668 hypothetical protein 1641 
M1 4.1 3.2 5.1 5 Tcr_0671 hypothetical protein 1642 
M2 1.7 0.5 7.1 2 Tcr_0671 hypothetical protein 1643 
S1 3.8 3.5 4.1 12 Tcr_0671 hypothetical protein 1644 
S2 0.9 0.2 1.7 7 Tcr_0671 hypothetical protein 1645 
M1 2.2 1.3 7.1 3 Tcr_0680 Peptidase S49  1646 
S1 4.5 4 7.3 3 Tcr_0680 Peptidase S49  1647 
M1 4.5 3.9 7.1 5 Tcr_0681 hypothetical protein 1648 
S1 4.8 4.4 5.5 13 Tcr_0681 hypothetical protein 1649 
S2 2.8 1.9 3.7 2 Tcr_0681 hypothetical protein 1650 
M1 4.7 4.5 4.9 41 Tcr_0682 hypothetical protein 1651 
M2 2.7 2.4 3 30 Tcr_0682 hypothetical protein 1652 
S1 4.4 4.1 4.7 21 Tcr_0682 hypothetical protein 1653 
S2 1.8 1.4 2.3 8 Tcr_0682 hypothetical protein 1654 
S1 3.3 2.7 7.3 7 Tcr_0692 hypothetical protein 1655 
S2 3.7 0.1 4.2 4 Tcr_0692 hypothetical protein 1656 
M1 5.4 4.9 6 3 Tcr_0695 Phage tail sheath protein  1657 
S1 0.2 -1 1.5 2 Tcr_0702 protein tyrosine phosphatase 1658 
M1 0 -0.2 0.2 47 Tcr_0703 ribonuclease, Rne/Rng family 1659 
M2 -0.1 -0.2 0.1 111 Tcr_0703 ribonuclease, Rne/Rng family 1660 
S1 0.2 -0.1 0.5 22 Tcr_0703 ribonuclease, Rne/Rng family 1661 
S2 0.5 0 0.8 13 Tcr_0703 ribonuclease, Rne/Rng family 1662 
M2 0.5 -0.5 1.5 3 Tcr_0705 HAD-superfamily hydrolase, subfamily IA, 1663 
variant 1 1664 
S1 0.6 -0.2 1.4 4 Tcr_0705 HAD-superfamily hydrolase, subfamily IA, 1665 
variant 1 1666 
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S2 0.3 -0.5 1.1 3 Tcr_0705 HAD-superfamily hydrolase, subfamily IA, 1667 
variant 1 1668 
S1 -0.4 -0.9 0.2 5 Tcr_0706 maf protein  1669 
S2 0.2 -0.5 0.8 6 Tcr_0706 maf protein  1670 
M1 -0.5 -2.1 0.7 2 Tcr_0707 Protein of unknown function DUF177  1671 
M1 -0.1 -0.6 0.3 7 Tcr_0709 fatty acid/phospholipid synthesis protein PlsX 1672 
M2 -0.1 -0.7 0.4 8 Tcr_0709 fatty acid/phospholipid synthesis protein PlsX 1673 
M1 -0.5 -0.9 -0.1 10 Tcr_0710 3-oxoacyl-(acyl-carrier-protein) synthase III 1674 
M2 -0.3 -0.6 0 19 Tcr_0710 3-oxoacyl-(acyl-carrier-protein) synthase III 1675 
S1 -0.3 -0.7 0.1 13 Tcr_0710 3-oxoacyl-(acyl-carrier-protein) synthase III 1676 
S2 -0.1 -0.7 0.4 12 Tcr_0710 3-oxoacyl-(acyl-carrier-protein) synthase III 1677 
S1 -0.2 -0.5 0.1 27 Tcr_0711 malonyl CoA-acyl carrier protein transacylase 1678 
S2 0 -0.3 0.4 20 Tcr_0711 malonyl CoA-acyl carrier protein transacylase 1679 
M1 -0.5 -0.7 -0.2 37 Tcr_0712 3-oxoacyl-(acyl-carrier-protein) reductase 1680 
M2 0 -0.2 0.2 69 Tcr_0712 3-oxoacyl-(acyl-carrier-protein) reductase 1681 
S1 -0.1 -0.4 0.1 51 Tcr_0712 3-oxoacyl-(acyl-carrier-protein) reductase 1682 
S2 0.1 -0.1 0.4 53 Tcr_0712 3-oxoacyl-(acyl-carrier-protein) reductase 1683 
S1 0.6 -0.8 1.9 2 Tcr_0713 acyl carrier protein  1684 
M1 0 -0.5 0.5 9 Tcr_0714 Beta-ketoacyl synthase 1685 
M2 0.1 -0.6 0.9 7 Tcr_0714 Beta-ketoacyl synthase 1686 
S1 0 -0.3 0.3 58 Tcr_0714 Beta-ketoacyl synthase 1687 
S2 0.3 0 0.6 34 Tcr_0714 Beta-ketoacyl synthase 1688 
S1 -0.1 -0.8 0.7 4 Tcr_0715 Anthranilate synthase  1689 
S1 0 -1.2 1.1 2 Tcr_0716 Aminotransferase, class IV  1690 
M1 0 -0.7 0.6 5 Tcr_0717 Aminodeoxychorismate lyase  1691 
M2 -0.1 -1 0.8 6 Tcr_0717 Aminodeoxychorismate lyase  1692 
S1 -0.1 -1.2 1 2 Tcr_0718 Thymidylate kinase  1693 
S1 -0.9 -1.7 -0.1 5 Tcr_0720 TatD-related deoxyribonuclease  1694 
S2 -0.4 -4.6 0.6 3 Tcr_0720 TatD-related deoxyribonuclease  1695 
M1 0.2 -0.2 0.6 13 Tcr_0723 Methylenetetrahydrofolate dehydrogenase 1696 
(NADP+) 1697 
M2 0.1 -0.4 0.6 12 Tcr_0723 Methylenetetrahydrofolate dehydrogenase 1698 
(NADP+) 1699 
S1 0.2 -0.1 0.4 36 Tcr_0723 Methylenetetrahydrofolate dehydrogenase 1700 
(NADP+) 1701 
S2 0.2 -0.1 0.5 29 Tcr_0723 Methylenetetrahydrofolate dehydrogenase 1702 
(NADP+) 1703 
S1 -0.1 -0.7 0.5 7 Tcr_0724 hypothetical protein  1704 
S2 0.1 -0.5 0.8 6 Tcr_0724 hypothetical protein  1705 
M1 -0.3 -1.1 0.5 3 Tcr_0725 peptide chain release factor 2 1706 
M2 0 -0.7 0.7 7 Tcr_0725 peptide chain release factor 2 1707 
S1 -0.2 -0.5 0.2 17 Tcr_0725 peptide chain release factor 2 1708 
S2 -0.4 -0.8 0 15 Tcr_0725 peptide chain release factor 2 1709 
M1 0.2 -0.4 0.7 12 Tcr_0726 lysyl-tRNA synthetase  1710 
M2 -0.1 -0.5 0.2 25 Tcr_0726 lysyl-tRNA synthetase  1711 
S1 0.3 0.1 0.5 55 Tcr_0726 lysyl-tRNA synthetase  1712 
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S2 0.2 -0.1 0.4 40 Tcr_0726 lysyl-tRNA synthetase  1713 
M1 0.8 -0.2 1.7 3 Tcr_0727 Glycine cleavage T protein (aminomethyl 1714 
transferase) 1715 
M2 0.1 -0.7 0.9 4 Tcr_0727 Glycine cleavage T protein (aminomethyl 1716 
transferase) 1717 
S1 0.2 -0.2 0.5 29 Tcr_0727 Glycine cleavage T protein (aminomethyl 1718 
transferase) 1719 
S2 0.2 -0.1 0.6 23 Tcr_0727 Glycine cleavage T protein (aminomethyl 1720 
transferase) 1721 
M1 -0.2 -0.9 0.5 4 Tcr_0728 CheW protein 1722 
M2 0.1 -0.5 0.6 9 Tcr_0728 CheW protein 1723 
S1 0.1 -0.4 0.5 14 Tcr_0728 CheW protein 1724 
S2 0.2 -0.4 0.8 8 Tcr_0728 CheW protein 1725 
M1 0.1 -0.5 0.7 9 Tcr_0729 L-aspartate oxidase 1726 
M2 0.3 -0.5 1 6 Tcr_0729 L-aspartate oxidase 1727 
S1 0.2 -0.5 0.9 8 Tcr_0729 L-aspartate oxidase 1728 
S2 0 -0.8 0.9 4 Tcr_0729 L-aspartate oxidase 1729 
M1 0.8 0.3 1.2 11 Tcr_0731 Peptidase S1C, Do 1730 
M2 0.2 -0.1 0.6 29 Tcr_0731 Peptidase S1C, Do 1731 
S1 1.1 0.4 1.8 7 Tcr_0731 Peptidase S1C, Do 1732 
S2 0.6 -0.2 1.3 6 Tcr_0731 Peptidase S1C, Do 1733 
M1 -0.3 -0.8 0.1 11 Tcr_0732 Small GTP-binding protein domain 1734 
M2 -0.3 -0.8 0.3 12 Tcr_0732 Small GTP-binding protein domain 1735 
M1 0.6 0.1 1.2 4 Tcr_0733 Peptidase S26A, signal peptidase I  1736 
S1 0.3 -0.2 0.9 5 Tcr_0734 Ribonuclease III  1737 
S2 -0.1 -0.7 0.6 7 Tcr_0734 Ribonuclease III  1738 
M1 0.1 -0.1 0.3 28 Tcr_0735 GTP-binding protein Era  1739 
M2 0.1 -0.2 0.5 27 Tcr_0735 GTP-binding protein Era 1740 
S1 0.1 -0.2 0.5 24 Tcr_0735 GTP-binding protein Era 1741 
S2 0.2 -0.2 0.6 19 Tcr_0735 GTP-binding protein Era 1742 
M2 2.6 1.8 3.3 4 Tcr_0737 pyridoxal phosphate biosynthetic protein PdxJ 1743 
S1 -0.1 -0.5 0.3 23 Tcr_0737 pyridoxal phosphate biosynthetic protein PdxJ 1744 
S2 -0.4 -0.8 -0.1 12 Tcr_0737 pyridoxal phosphate biosynthetic protein PdxJ 1745 
S1 0.3 -0.7 1.3 4 Tcr_0738 holo-(acyl-carrier-protein) synthase  1746 
S2 -4.5 -5 -4 3 Tcr_0738 holo-(acyl-carrier-protein) synthase  1747 
M2 -0.8 -2.1 0.5 2 Tcr_0743 flagellar biosynthetic protein FlhB  1748 
M1 0.2 -0.8 1.1 3 Tcr_0744 flagellar biosynthesis protein FlhA  1749 
M2 -1 -2.1 0.2 2 Tcr_0744 flagellar biosynthesis protein FlhA  1750 
M1 -0.4 -0.8 0 9 Tcr_0745 GTP-binding signal recognition particle SRP54, 1751 
G-domain1752 
M2 -0.2 -0.6 0.2 13 Tcr_0745 GTP-binding signal recognition particle SRP54, 1753 
G-domain1754 
S1 -0.3 -1 0.4 7 Tcr_0745 GTP-binding signal recognition particle SRP54, 1755 
G-domain1756 
S2 -0.3 -1 0.3 8 Tcr_0745 GTP-binding signal recognition particle SRP54, 1757 
G-domain1758 
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M1 -0.5 -0.8 -0.2 13 Tcr_0746 Cobyrinic acid a,c-diamide synthase 1759 
M2 -0.3 -0.7 0 12 Tcr_0746 Cobyrinic acid a,c-diamide synthase 1760 
S1 -0.1 -0.6 0.4 7 Tcr_0746 Cobyrinic acid a,c-diamide synthase 1761 
S2 0 -0.8 0.7 6 Tcr_0746 Cobyrinic acid a,c-diamide synthase 1762 
S2 0 -1.1 1.1 3 Tcr_0747 sigma 28 (Flagella/Sporulation)  1763 
M1 -0.3 -1.3 0.9 3 Tcr_0748 response regulator receiver domain protein 1764 
(CheY-like) 1765 
M2 -0.1 -0.8 0.5 4 Tcr_0748 response regulator receiver domain protein 1766 
(CheY-like) 1767 
S1 -0.1 -0.5 0.2 32 Tcr_0748 response regulator receiver domain protein 1768 
(CheY-like) 1769 
S2 -0.1 -0.4 0.2 29 Tcr_0748 response regulator receiver domain protein 1770 
(CheY-like) 1771 
M1 -0.4 -1.1 0.3 6 Tcr_0749 Chemotaxis phosphatase, CheZ 1772 
M2 -0.5 -1 0 11 Tcr_0749 Chemotaxis phosphatase, CheZ 1773 
S1 -0.7 -1.2 -0.1 14 Tcr_0749 Chemotaxis phosphatase, CheZ 1774 
S2 -0.6 -1 -0.1 13 Tcr_0749 Chemotaxis phosphatase, CheZ 1775 
M1 -0.3 -0.8 0.2 8 Tcr_0750 CheA signal transduction histidine kinase 1776 
M2 -0.2 -0.6 0.2 9 Tcr_0750 CheA signal transduction histidine kinase 1777 
S1 -0.1 -0.6 0.4 11 Tcr_0750 CheA signal transduction histidine kinase 1778 
S2 -0.1 -0.7 0.5 5 Tcr_0750 CheA signal transduction histidine kinase 1779 
M1 -0.8 -1.2 -0.3 6 Tcr_0751 CheW protein 1780 
M2 -0.4 -0.9 0.1 12 Tcr_0751 CheW protein 1781 
S1 -0.6 -1.2 0.1 6 Tcr_0751 CheW protein 1782 
S2 0 -0.8 0.9 4 Tcr_0751 CheW protein 1783 
M1 0 -0.5 0.5 3 Tcr_0753 hypothetical protein 1784 
M2 0.3 0 0.6 12 Tcr_0753 hypothetical protein 1785 
S1 0.3 0 0.6 21 Tcr_0753 hypothetical protein 1786 
S2 0.3 -0.1 0.7 12 Tcr_0753 hypothetical protein 1787 
M1 -0.1 -0.4 0.3 20 Tcr_0754 response regulator receiver domain protein 1788 
(CheY-like) 1789 
M2 0.1 -0.4 0.5 16 Tcr_0754 response regulator receiver domain protein 1790 
(CheY-like) 1791 
S1 0.2 -0.1 0.4 44 Tcr_0754 response regulator receiver domain protein 1792 
(CheY-like) 1793 
S2 0.3 0 0.6 31 Tcr_0754 response regulator receiver domain protein 1794 
(CheY-like) 1795 
M2 -0.1 -0.8 0.7 3 Tcr_0755 CheW protein 1796 
S1 -0.2 -0.9 0.4 6 Tcr_0755 CheW protein 1797 
S2 -0.1 -0.7 0.4 7 Tcr_0755 CheW protein 1798 
M1 -1.2 -2.5 -0.1 3 Tcr_0756 hypothetical protein  1799 
M2 -0.6 -1.7 0.5 2 Tcr_0756 hypothetical protein  1800 
S2 -0.3 -0.8 0.3 11 Tcr_0757 MCP methyltransferase, CheR-type  1801 
M1 -0.3 -0.5 0 34 Tcr_0758 response regulator receiver (CheY-like) 1802 
modulated CheB methylesterase 1803 
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M2 -0.1 -0.3 0.1 67 Tcr_0758 response regulator receiver (CheY-like) 1804 
modulated CheB methylesterase 1805 
S1 0 -0.4 0.3 28 Tcr_0758 response regulator receiver (CheY-like) 1806 
modulated CheB methylesterase 1807 
S2 -0.1 -0.4 0.2 31 Tcr_0758 response regulator receiver (CheY-like) 1808 
modulated CheB methylesterase 1809 
M1 0 -0.4 0.4 13 Tcr_0759 methyl-accepting chemotaxis sensory transducer 1810 
M2 0.2 -0.2 0.5 23 Tcr_0759 methyl-accepting chemotaxis sensory transducer 1811 
S1 -0.2 -1.3 0.9 3 Tcr_0759 methyl-accepting chemotaxis sensory transducer 1812 
S1 -0.1 -1.1 1 2 Tcr_0761 hypothetical protein  1813 
S2 0 -0.6 0.6 5 Tcr_0761 hypothetical protein  1814 
M1 -0.6 -0.9 -0.2 11 Tcr_0762 Peptidylprolyl isomerase, FKBP-type  1815 
M2 -0.4 -0.8 0 22 Tcr_0762 Peptidylprolyl isomerase, FKBP-type 1816 
S1 -0.2 -0.5 0.1 36 Tcr_0762 Peptidylprolyl isomerase, FKBP-type 1817 
S2 -0.4 -0.7 0 26 Tcr_0762 Peptidylprolyl isomerase, FKBP-type 1818 
M1 0.4 -0.8 1.7 2 Tcr_0763 thioredoxin reductase 1819 
M2 0.2 -0.5 0.8 6 Tcr_0763 thioredoxin reductase 1820 
S1 0 -0.2 0.2 88 Tcr_0763 thioredoxin reductase 1821 
S2 -0.1 -0.4 0.1 66 Tcr_0763 thioredoxin reductase 1822 
M1 -0.3 -0.8 0.4 9 Tcr_0764 Cell divisionFtsK/SpoIIIE 1823 
M2 0.1 -0.3 0.6 12 Tcr_0764 Cell divisionFtsK/SpoIIIE 1824 
M1 0.2 -0.6 1.1 4 Tcr_0765 outer membrane lipoprotein carrier protein LolA 1825 
M2 -0.1 -0.7 0.5 7 Tcr_0765 outer membrane lipoprotein carrier protein LolA 1826 
S1 -0.2 -0.9 0.5 12 Tcr_0765 outer membrane lipoprotein carrier protein LolA 1827 
S2 -0.4 -1.4 0.7 4 Tcr_0765 outer membrane lipoprotein carrier protein LolA 1828 
M1 0.3 -0.3 0.9 6 Tcr_0766 AAA ATPase  1829 
M2 -0.2 -0.9 0.6 5 Tcr_0766 AAA ATPase 1830 
S1 0.6 -0.2 1.4 5 Tcr_0766 AAA ATPase 1831 
S2 0 -0.7 0.8 9 Tcr_0766 AAA ATPase 1832 
M1 0.2 -0.5 0.8 5 Tcr_0768 seryl-tRNA synthetase 1833 
M2 0.3 -0.6 1.1 4 Tcr_0768 seryl-tRNA synthetase 1834 
S1 0.1 -0.1 0.4 38 Tcr_0768 seryl-tRNA synthetase 1835 
S2 0 -0.3 0.3 31 Tcr_0768 seryl-tRNA synthetase 1836 
S1 -2.3 -2.9 -1.8 7 Tcr_0772 HAD-superfamily hydrolase YedP 1837 
S2 -2.3 -6.8 -1.3 5 Tcr_0772 HAD-superfamily hydrolase YedP 1838 
M1 -2.4 -2.7 -2.1 11 Tcr_0773 hypothetical protein  1839 
M2 -1.7 -2.2 -1.2 8 Tcr_0773 hypothetical protein 1840 
S1 -2.3 -2.6 -2 23 Tcr_0773 hypothetical protein 1841 
S2 -1.7 -2.1 -1.4 12 Tcr_0773 hypothetical protein 1842 
S1 -2.6 -3.1 -2 5 Tcr_0774 Alpha amylase, catalytic region  1843 
M1 -2.8 -3.2 -2.4 9 Tcr_0775 Glycerate kinase  1844 
M2 -0.2 -1.7 1.3 3 Tcr_0775 Glycerate kinase  1845 
M1 0.5 -0.5 1.6 3 Tcr_0776 diguanylate cyclase/phosphodiesterase (GGDEF 1846 
& EAL domains) 1847 
M1 0 -0.4 0.4 8 Tcr_0777 methyl-accepting chemotaxis sensory transducer 1848 
M2 0.4 -0.1 0.9 16 Tcr_0777 methyl-accepting chemotaxis sensory transducer 1849 
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S1 -0.1 -1.4 1.1 2 Tcr_0777 methyl-accepting chemotaxis sensory transducer 1850 
M1 -0.4 -0.9 0.1 12 Tcr_0779 DEAD/DEAH box helicase-like  1851 
M2 0.2 -0.5 0.8 5 Tcr_0779 DEAD/DEAH box helicase-like  1852 
S2 -0.1 -1 0.9 5 Tcr_0780 YceI  1853 
M1 -0.6 -1.2 0 4 Tcr_0782 hypothetical protein  1854 
M1 0 -1 0.9 4 Tcr_0783 peptide methionine sulfoxide reductase  1855 
M2 0.8 -0.5 1.9 5 Tcr_0783 peptide methionine sulfoxide reductase 1856 
S1 -0.4 -0.9 0.2 7 Tcr_0783 peptide methionine sulfoxide reductase 1857 
S2 0.5 -0.4 1.4 4 Tcr_0783 peptide methionine sulfoxide reductase 1858 
M1 -0.2 -1.1 0.8 3 Tcr_0792 hypothetical protein 1859 
S1 0 -0.5 0.5 6 Tcr_0792 hypothetical protein 1860 
S2 0.3 -0.3 0.8 10 Tcr_0792 hypothetical protein 1861 
M1 -0.4 -0.7 0 16 Tcr_0795 3-isopropylmalate dehydratase, large subunit 1862 
M2 -0.2 -0.5 0 40 Tcr_0795 3-isopropylmalate dehydratase, large subunit 1863 
S1 -0.3 -0.6 -0.1 47 Tcr_0795 3-isopropylmalate dehydratase, large subunit 1864 
S2 -0.3 -0.5 0 50 Tcr_0795 3-isopropylmalate dehydratase, large subunit 1865 
M1 -0.2 -0.7 0.3 6 Tcr_0796 3-isopropylmalate dehydratase, small subunit 1866 
M2 -0.3 -0.8 0.3 8 Tcr_0796 3-isopropylmalate dehydratase, small subunit 1867 
S1 -0.2 -0.6 0.2 12 Tcr_0796 3-isopropylmalate dehydratase, small subunit 1868 
S2 -0.3 -0.6 0.1 13 Tcr_0796 3-isopropylmalate dehydratase, small subunit 1869 
M1 -3.4 -4 1.6 2 Tcr_0797 3-isopropylmalate dehydrogenase 1870 
M2 0.2 -0.6 1.1 3 Tcr_0797 3-isopropylmalate dehydrogenase 1871 
S1 0.3 0 0.6 36 Tcr_0797 3-isopropylmalate dehydrogenase 1872 
S2 -0.1 -0.4 0.2 39 Tcr_0797 3-isopropylmalate dehydrogenase 1873 
M1 -0.1 -0.7 0.5 5 Tcr_0798 Peptidase M23B  1874 
M2 -0.5 -1.4 0.3 4 Tcr_0798 Peptidase M23B  1875 
M1 0.4 -0.6 1.4 3 Tcr_0799 Protein of unknown function DUF583 1876 
M2 0.2 -0.4 0.8 6 Tcr_0799 Protein of unknown function DUF583 1877 
S1 0.2 -0.2 0.7 15 Tcr_0799 Protein of unknown function DUF583 1878 
S2 0.4 -0.1 0.8 17 Tcr_0799 Protein of unknown function DUF583 1879 
M1 0.3 -0.3 0.8 7 Tcr_0800 Aspartate-semialdehyde dehydrogenase, USG-1 1880 
related 1881 
M2 -0.3 -0.9 0.2 12 Tcr_0800 Aspartate-semialdehyde dehydrogenase, USG-1 1882 
related 1883 
S1 0.1 -0.1 0.2 102 Tcr_0800 Aspartate-semialdehyde dehydrogenase, USG-1 1884 
related 1885 
S2 -0.2 -0.4 0 67 Tcr_0800 Aspartate-semialdehyde dehydrogenase, USG-1 1886 
related 1887 
S1 -0.2 -0.8 0.3 10 Tcr_0802 Phosphoribosylanthranilate isomerase 1888 
S2 -0.4 -0.9 0.1 14 Tcr_0802 Phosphoribosylanthranilate isomerase 1889 
M1 -0.3 -0.8 0.1 12 Tcr_0803 tryptophan synthase, beta subunit 1890 
M2 -0.3 -0.7 0.1 24 Tcr_0803 tryptophan synthase, beta subunit 1891 
S1 0 -0.4 0.3 25 Tcr_0803 tryptophan synthase, beta subunit 1892 
S2 -0.1 -0.5 0.3 20 Tcr_0803 tryptophan synthase, beta subunit 1893 
M1 -0.1 -0.7 0.5 6 Tcr_0804 tryptophan synthase, alpha subunit 1894 
M2 -0.2 -0.9 0.6 5 Tcr_0804 tryptophan synthase, alpha subunit 1895 
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S1 -0.1 -0.4 0.2 31 Tcr_0804 tryptophan synthase, alpha subunit  1896 
S2 -0.1 -0.3 0.2 22 Tcr_0804 tryptophan synthase, alpha subunit  1897 
M1 -0.1 -0.4 0.2 29 Tcr_0805 acetyl-CoA carboxylase, carboxyl transferase, 1898 
beta subunit 1899 
M2 0 -0.3 0.2 39 Tcr_0805 acetyl-CoA carboxylase, carboxyl transferase, 1900 
beta subunit 1901 
S1 0.1 -0.2 0.4 21 Tcr_0805 acetyl-CoA carboxylase, carboxyl transferase, 1902 
beta subunit 1903 
S2 0 -0.4 0.3 20 Tcr_0805 acetyl-CoA carboxylase, carboxyl transferase, 1904 
beta subunit 1905 
S1 0.2 -1 1.3 2 Tcr_0806 FolC bifunctional protein  1906 
M1 -0.1 -0.6 0.3 12 Tcr_0808 amidophosphoribosyltransferase 1907 
M2 0 -0.6 0.5 17 Tcr_0808 amidophosphoribosyltransferase 1908 
S1 0.2 0 0.4 54 Tcr_0808 amidophosphoribosyltransferase 1909 
S2 -0.1 -0.3 0.2 37 Tcr_0808 amidophosphoribosyltransferase 1910 
M2 0.1 -0.8 1 4 Tcr_0809 O-succinylhomoserine sulfhydrylase 1911 
S1 0.1 -0.2 0.4 20 Tcr_0809 O-succinylhomoserine sulfhydrylase 1912 
S2 -0.1 -0.4 0.3 20 Tcr_0809 O-succinylhomoserine sulfhydrylase 1913 
M1 0.3 0.1 0.6 28 Tcr_0812 ATP-dependent metalloprotease FtsH 1914 
M2 0.3 0.1 0.5 60 Tcr_0812 ATP-dependent metalloprotease FtsH 1915 
S1 0.1 -0.4 0.5 9 Tcr_0812 ATP-dependent metalloprotease FtsH 1916 
S2 0.2 -0.2 0.7 9 Tcr_0812 ATP-dependent metalloprotease FtsH 1917 
M1 0.4 -0.7 1.5 3 Tcr_0813 dihydropteroate synthase 1918 
S1 0.5 -0.3 1.3 5 Tcr_0813 dihydropteroate synthase 1919 
S2 0.2 -0.4 0.8 7 Tcr_0813 dihydropteroate synthase 1920 
S1 0.2 -0.1 0.6 17 Tcr_0814 phosphoglucosamine mutase 1921 
S2 0.1 -0.3 0.5 14 Tcr_0814 phosphoglucosamine mutase 1922 
M1 0.3 -0.4 1.1 4 Tcr_0815 triosephosphate isomerase  1923 
M2 0.4 0 0.9 10 Tcr_0815 triosephosphate isomerase 1924 
S1 -0.1 -0.3 0.2 54 Tcr_0815 triosephosphate isomerase 1925 
S2 0.1 -0.1 0.4 45 Tcr_0815 triosephosphate isomerase 1926 
M1 1.2 0.3 2.3 8 Tcr_0818 NADH-quinone oxidoreductase, B subunit  1927 
M2 0.6 -0.1 1.1 9 Tcr_0818 NADH-quinone oxidoreductase, B subunit  1928 
M1 0.4 0.1 0.7 11 Tcr_0819 NADH (or F420H2) dehydrogenase, subunit C 1929 
M2 0.6 0.3 1 23 Tcr_0819 NADH (or F420H2) dehydrogenase, subunit C 1930 
S1 -0.1 -1 0.6 6 Tcr_0819 NADH (or F420H2) dehydrogenase, subunit C 1931 
S2 0.5 -0.4 1.5 4 Tcr_0819 NADH (or F420H2) dehydrogenase, subunit C 1932 
M1 0.4 0.1 0.7 18 Tcr_0820 NADH dehydrogenase I, D subunit  1933 
M2 0.5 0.2 0.8 30 Tcr_0820 NADH dehydrogenase I, D subunit 1934 
S1 0.3 -0.1 0.7 12 Tcr_0820 NADH dehydrogenase I, D subunit 1935 
S2 0.2 -0.5 0.8 6 Tcr_0820 NADH dehydrogenase I, D subunit 1936 
S1 0.2 -0.4 0.7 9 Tcr_0821 NADH-quinone oxidoreductase, E subunit 1937 
S2 0.2 -0.3 0.6 12 Tcr_0821 NADH-quinone oxidoreductase, E subunit 1938 
M1 -0.1 -1 0.8 5 Tcr_0822 NADH-quinone oxidoreductase, F subunit 1939 
M2 0.6 -0.3 1.7 3 Tcr_0822 NADH-quinone oxidoreductase, F subunit 1940 
S1 0.4 0.2 0.6 59 Tcr_0822 NADH-quinone oxidoreductase, F subunit 1941 
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S2 0.4 0 0.7 34 Tcr_0822 NADH-quinone oxidoreductase, F subunit 1942 
M1 -0.1 -0.4 0.3 22 Tcr_0823 NADH-quinone oxidoreductase, chain G 1943 
M2 0.4 0 0.7 30 Tcr_0823 NADH-quinone oxidoreductase, chain G 1944 
S1 0.4 0.2 0.6 96 Tcr_0823 NADH-quinone oxidoreductase, chain G 1945 
S2 0.4 0.2 0.6 76 Tcr_0823 NADH-quinone oxidoreductase, chain G 1946 
M1 0.5 -0.2 1.2 5 Tcr_0824 Respiratory-chain NADH dehydrogenase, 1947 
subunit 1 1948 
M2 0.9 -0.4 2.3 2 Tcr_0824 Respiratory-chain NADH dehydrogenase, 1949 
subunit 1 1950 
M1 0.4 -0.1 0.9 4 Tcr_0825 NADH-quinone oxidoreductase, chain I 1951 
M2 0.3 -0.2 0.9 7 Tcr_0825 NADH-quinone oxidoreductase, chain I 1952 
M1 0.6 0.1 1.2 3 Tcr_0826 NADH-ubiquinone/plastoquinone 1953 
oxidoreductase, chain 6  1954 
M1 0 -0.8 0.6 3 Tcr_0828 proton-translocating NADH-quinone 1955 
oxidoreductase, chain L  1956 
M1 -0.7 -1.7 0.3 3 Tcr_0835 hypothetical protein 1957 
S1 -0.7 -1.4 0 8 Tcr_0835 hypothetical protein 1958 
S2 -0.5 -1.4 0.4 5 Tcr_0835 hypothetical protein 1959 
M1 5.2 4.9 5.8 81 Tcr_0838 Ribulose-bisphosphate carboxylase 1960 
S1 7.3 7.1 7.3 185 Tcr_0838 Ribulose-bisphosphate carboxylase 1961 
S2 5.1 4.9 5.4 134 Tcr_0838 Ribulose-bisphosphate carboxylase 1962 
M2 4.5 3.1 7.1 4 Tcr_0839 Ribulose-bisphosphate carboxylase 1963 
S1 6.7 4 7.2 9 Tcr_0839 Ribulose-bisphosphate carboxylase 1964 
S2 7.2 4.1 7.2 6 Tcr_0839 Ribulose-bisphosphate carboxylase 1965 
M1 4.5 4.2 7.1 53 Tcr_0840 putative carboxysome structural peptide CsoS2 1966 
M2 6.3 6.1 6.6 72 Tcr_0840 putative carboxysome structural peptide CsoS2 1967 
S1 5.2 4.9 5.5 95 Tcr_0840 putative carboxysome structural peptide CsoS2 1968 
M1 4.6 4.2 4.9 15 Tcr_0841 carboxysome shell protein CsoS3 1969 
M2 4.2 3.8 6.7 19 Tcr_0841 carboxysome shell protein CsoS3 1970 
S2 4.4 3.9 7.2 13 Tcr_0841 carboxysome shell protein CsoS3 1971 
S1 5.8 5.2 6.4 11 Tcr_0842 Ethanolamine utilization protein 1972 
EutN/carboxysome structural protein Ccml 1973 
S2 6.4 6 6.9 7 Tcr_0842 Ethanolamine utilization protein 1974 
EutN/carboxysome structural protein Ccml 1975 
S1 1.1 0.8 1.4 17 Tcr_0844 microcompartments protein 1976 
S2 0.9 0.7 1.2 15 Tcr_0844 microcompartments protein 1977 
M2 4.6 4.1 6.6 4 Tcr_0846 microcompartments protein 1978 
S1 5.8 5.4 7.3 10 Tcr_0846 microcompartments protein 1979 
M1 3.7 3 7.1 12 Tcr_0847 Rubrerythrin 1980 
M2 5.5 5.1 5.8 16 Tcr_0847 Rubrerythrin 1981 
S2 7.1 6.6 7.2 18 Tcr_0847 Rubrerythrin 1982 
S1 4 3 7.3 5 Tcr_0848 hypothetical protein 1983 
S2 5 2.5 5.6 6 Tcr_0848 hypothetical protein 1984 
M1 6.3 5.8 6.7 6 Tcr_0850 Ham1-like protein 1985 
M2 0.4 -0.5 1.3 9 Tcr_0850 Ham1-like protein 1986 
S1 4.6 4.3 4.9 17 Tcr_0850 Ham1-like protein 1987 
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S2 6.7 6.3 7.2 8 Tcr_0850 Ham1-like protein  1988 
S1 5 4.2 5.5 7 Tcr_0851 hypothetical protein 1989 
M1 2.4 2.2 2.7 31 Tcr_0852 transcriptional regulator, LysR family 1990 
M2 2.8 2.6 3.1 30 Tcr_0852 transcriptional regulator, LysR family 1991 
S1 3.1 2.2 3.6 11 Tcr_0852 transcriptional regulator, LysR family 1992 
S2 3.1 2.7 3.5 14 Tcr_0852 transcriptional regulator, LysR family 1993 
M1 5.5 5.1 6.8 22 Tcr_0854 hypothetical protein 1994 
M2 5.6 5.2 5.9 37 Tcr_0854 hypothetical protein 1995 
S1 -0.5 -1.2 0.3 9 Tcr_0854 hypothetical protein 1996 
S1 -0.3 -0.9 0.2 5 Tcr_0856 Metal-dependent protein hydrolase  1997 
M1 -1.4 -1.8 -1 6 Tcr_0860 diguanylate phosphodiesterase (EAL domain)  1998 
M2 -0.6 -1.6 0.3 3 Tcr_0860 diguanylate phosphodiesterase (EAL domain)  1999 
M1 -0.6 -1.3 0.1 9 Tcr_0863 DTW  2000 
S2 -0.3 -1.8 0.6 5 Tcr_0863 DTW  2001 
S1 -0.1 -0.4 0.2 26 Tcr_0866 DNA repair protein RecN  2002 
S2 0.1 -0.3 0.4 22 Tcr_0866 DNA repair protein RecN  2003 
S1 0.8 0.3 1.3 5 Tcr_0867 NAD(+) kinase  2004 
S2 0.2 -0.7 1.2 4 Tcr_0867 NAD(+) kinase  2005 
M1 -0.2 -1.6 1 2 Tcr_0868 negative regulator of class I heat shock protein 2006 
S1 0.2 -0.2 0.6 10 Tcr_0869 GrpE protein  2007 
S2 0.5 0.1 0.8 11 Tcr_0869 GrpE protein  2008 
M1 0.7 0.5 0.9 32 Tcr_0870 Heat shock protein Hsp70  2009 
M2 0.7 0.4 0.9 62 Tcr_0870 Heat shock protein Hsp70 2010 
S1 0.9 0.8 1 195 Tcr_0870 Heat shock protein Hsp70 2011 
S2 0.6 0.4 0.7 163 Tcr_0870 Heat shock protein Hsp70 2012 
M1 0.4 -0.4 1.1 3 Tcr_0871 Heat shock protein DnaJ 2013 
S1 0.3 -0.2 0.7 9 Tcr_0871 Heat shock protein DnaJ 2014 
S2 0.3 -0.3 1 7 Tcr_0871 Heat shock protein DnaJ 2015 
S1 0.6 0 1.1 12 Tcr_0872 dihydrodipicolinate reductase  2016 
S2 0.6 0.2 0.9 9 Tcr_0872 dihydrodipicolinate reductase  2017 
M1 -0.5 -1 0 6 Tcr_0878 carbamoyl-phosphate synthase, small subunit 2018 
M2 -0.8 -1.3 -0.3 15 Tcr_0878 carbamoyl-phosphate synthase, small subunit 2019 
S1 -0.5 -0.8 -0.1 21 Tcr_0878 carbamoyl-phosphate synthase, small subunit 2020 
S2 -0.4 -0.7 -0.1 23 Tcr_0878 carbamoyl-phosphate synthase, small subunit 2021 
M1 -0.5 -0.7 -0.2 41 Tcr_0879 carbamoyl-phosphate synthase, large subunit  2022 
M2 -0.4 -0.6 -0.3 122 Tcr_0879 carbamoyl-phosphate synthase, large subunit  2023 
S1 -0.5 -0.6 -0.3 131 Tcr_0879 carbamoyl-phosphate synthase, large subunit  2024 
S2 -0.4 -0.5 -0.2 110 Tcr_0879 carbamoyl-phosphate synthase, large subunit  2025 
S1 -0.3 -0.5 0 22 Tcr_0880 GreA/GreB family elongation factor  2026 
S2 -0.3 -0.8 0.1 17 Tcr_0880 GreA/GreB family elongation factor  2027 
M1 0.4 0.2 0.6 107 Tcr_0882 hypothetical protein  2028 
M2 0.4 0.3 0.6 165 Tcr_0882 hypothetical protein 2029 
S1 0.7 0.5 0.9 68 Tcr_0882 hypothetical protein 2030 
S2 0.7 0.5 0.9 63 Tcr_0882 hypothetical protein 2031 
S1 -0.2 -1.2 0.8 3 Tcr_0886 thiol-disulfide isomerase and thioredoxins 2032 
M1 0.5 -0.6 1.6 2 Tcr_0887 Patatin  2033 
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M1 -0.2 -1.3 0.9 2 Tcr_0888 Short-chain dehydrogenase/reductase SDR 2034 
M1 -0.1 -0.9 0.8 2 Tcr_0889 Protein of unknown function DUF502  2035 
M2 -0.3 -1.1 0.6 4 Tcr_0889 Protein of unknown function DUF502  2036 
M1 -0.1 -0.5 0.2 18 Tcr_0890 aspartyl-tRNA synthetase  2037 
M2 0.2 -0.2 0.6 22 Tcr_0890 aspartyl-tRNA synthetase 2038 
S1 -0.1 -0.2 0.1 107 Tcr_0890 aspartyl-tRNA synthetase 2039 
S2 0 -0.2 0.2 76 Tcr_0890 aspartyl-tRNA synthetase 2040 
M1 1.1 -1.2 2.2 4 Tcr_0891 quinolinate synthetase complex, A subunit 2041 
M2 -0.1 -0.7 0.4 5 Tcr_0891 quinolinate synthetase complex, A subunit 2042 
S1 0 -0.4 0.4 13 Tcr_0891 quinolinate synthetase complex, A subunit 2043 
S2 0 -0.4 0.3 18 Tcr_0891 quinolinate synthetase complex, A subunit 2044 
M1 -0.8 -1.8 0.1 3 Tcr_0892 crossover junction endodeoxyribonuclease RuvC 2045 
M2 0 -0.7 0.7 3 Tcr_0892 crossover junction endodeoxyribonuclease RuvC 2046 
S2 -1.1 -1.8 -0.4 2 Tcr_0892 crossover junction endodeoxyribonuclease RuvC 2047 
M1 0 -1 0.9 2 Tcr_0893 Holliday junction DNA helicase RuvA 2048 
M2 0.1 -1.2 1.5 2 Tcr_0893 Holliday junction DNA helicase RuvA 2049 
S1 -0.2 -0.7 0.3 6 Tcr_0893 Holliday junction DNA helicase RuvA 2050 
S2 -0.1 -0.6 0.4 4 Tcr_0893 Holliday junction DNA helicase RuvA 2051 
M1 0.1 -0.2 0.4 23 Tcr_0894 Holliday junction DNA helicase RuvB 2052 
M2 0 -0.3 0.3 29 Tcr_0894 Holliday junction DNA helicase RuvB 2053 
S1 0.6 0.1 1.1 8 Tcr_0894 Holliday junction DNA helicase RuvB 2054 
S2 0.3 -0.3 0.9 9 Tcr_0894 Holliday junction DNA helicase RuvB 2055 
M1 0.7 0.1 1.3 5 Tcr_0895 MotA/TolQ/ExbB proton channel  2056 
M2 0.4 -0.1 0.8 12 Tcr_0895 MotA/TolQ/ExbB proton channel  2057 
M2 0.3 -0.1 0.8 6 Tcr_0896 Biopolymer transport protein ExbD/TolR 2058 
M1 0.4 -0.4 1.3 3 Tcr_0897 TolA  2059 
M2 -0.3 -1.1 0.7 6 Tcr_0897 TolA  2060 
M1 -0.4 -0.8 -0.1 15 Tcr_0898 TolB-like  2061 
M2 -0.4 -0.6 -0.1 39 Tcr_0898 TolB-like 2062 
S1 -0.4 -1 0.2 5 Tcr_0898 TolB-like 2063 
S2 -0.7 -1.3 0 6 Tcr_0898 TolB-like 2064 
M1 -0.1 -1.1 1.1 4 Tcr_0899 OmpA/MotB 2065 
S1 -0.3 -1.1 1.1 4 Tcr_0899 OmpA/MotB 2066 
S2 -0.1 -1.1 0.9 3 Tcr_0899 OmpA/MotB 2067 
M1 -0.2 -0.4 0.1 20 Tcr_0900 TPR repeat domain protein 2068 
M2 0 -0.3 0.2 30 Tcr_0900 TPR repeat domain protein 2069 
S1 0 -0.4 0.4 11 Tcr_0900 TPR repeat domain protein 2070 
S2 0.2 -0.2 0.6 12 Tcr_0900 TPR repeat domain protein 2071 
S1 0 -1 1 2 Tcr_0901 ExsB  2072 
S2 0.1 -0.8 0.9 3 Tcr_0901 ExsB  2073 
S1 0 -0.3 0.4 8 Tcr_0902 hypothetical protein  2074 
S2 0 -0.4 0.4 7 Tcr_0902 hypothetical protein  2075 
M1 0.2 -0.8 1.2 2 Tcr_0904 Iron dependent repressor  2076 
S1 -0.1 -0.7 0.4 7 Tcr_0904 Iron dependent repressor  2077 
S2 0 -0.6 0.6 7 Tcr_0904 Iron dependent repressor  2078 
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M1 -0.1 -1.1 0.8 2 Tcr_0905 signal transduction histidine kinase, nitrogen 2079 
specific, NtrB  2080 
M1 -0.2 -0.7 0.4 14 Tcr_0906 nitrogen metabolism transcriptional regulator, 2081 
NtrC, Fis Family 2082 
M2 -0.2 -0.6 0.2 21 Tcr_0906 nitrogen metabolism transcriptional regulator, 2083 
NtrC, Fis Family 2084 
S1 0 -0.3 0.3 29 Tcr_0906 nitrogen metabolism transcriptional regulator, 2085 
NtrC, Fis Family 2086 
S2 0 -0.3 0.3 29 Tcr_0906 nitrogen metabolism transcriptional regulator, 2087 
NtrC, Fis Family 2088 
M1 0.2 -0.1 0.6 15 Tcr_0909 hypothetical protein 2089 
M2 0.3 0 0.6 18 Tcr_0909 hypothetical protein 2090 
S1 0.3 -0.3 0.8 6 Tcr_0909 hypothetical protein 2091 
S2 -0.9 -1.6 0.1 5 Tcr_0909 hypothetical protein 2092 
M1 0.3 -0.5 1.1 3 Tcr_0910 hypothetical protein 2093 
M2 0.4 -0.8 1.7 2 Tcr_0910 hypothetical protein 2094 
S1 0.6 0.1 1.1 7 Tcr_0910 hypothetical protein 2095 
S2 0.7 0 1.4 8 Tcr_0910 hypothetical protein 2096 
M1 -0.1 -0.5 0.3 12 Tcr_0911 hypothetical protein 2097 
M2 -0.3 -0.7 0.1 14 Tcr_0911 hypothetical protein 2098 
S1 0.4 0.1 0.7 13 Tcr_0911 hypothetical protein 2099 
S2 -0.2 -0.5 0.1 26 Tcr_0911 hypothetical protein 2100 
M1 0.3 0.1 0.6 30 Tcr_0912 nitrogen regulatory protein P-II (GlnB, GlnK) 2101 
M2 0.6 0.4 0.8 46 Tcr_0912 nitrogen regulatory protein P-II (GlnB, GlnK) 2102 
S1 -0.9 -1.1 -0.7 51 Tcr_0912 nitrogen regulatory protein P-II (GlnB, GlnK) 2103 
S2 -0.8 -1 -0.6 31 Tcr_0912 nitrogen regulatory protein P-II (GlnB, GlnK) 2104 
M1 0.1 -0.5 0.8 6 Tcr_0913 Phosphatidylserine decarboxylase 2105 
M2 0.2 -0.5 1 4 Tcr_0913 Phosphatidylserine decarboxylase 2106 
S1 0.5 -0.7 1.7 2 Tcr_0913 Phosphatidylserine decarboxylase 2107 
M1 -0.2 -0.6 0.1 16 Tcr_0914 argininosuccinate synthase 2108 
M2 0 -0.2 0.3 30 Tcr_0914 argininosuccinate synthase 2109 
S1 -0.1 -0.3 0.1 61 Tcr_0914 argininosuccinate synthase 2110 
S2 0.1 -0.2 0.3 54 Tcr_0914 argininosuccinate synthase 2111 
M1 0.4 -0.4 1.2 4 Tcr_0916 Rhodanese-like 2112 
M2 0.6 0 1.2 5 Tcr_0916 Rhodanese-like 2113 
S1 0.3 0 0.5 29 Tcr_0916 Rhodanese-like 2114 
S2 0.7 0.4 1 25 Tcr_0916 Rhodanese-like 2115 
M1 1.1 0 2.7 2 Tcr_0920 Peptidyl-prolyl cis-trans isomerase, cyclophilin 2116 
type 2117 
M2 0.2 -0.8 1.2 2 Tcr_0920 Peptidyl-prolyl cis-trans isomerase, cyclophilin 2118 
type 2119 
S1 0.2 -0.1 0.5 33 Tcr_0920 Peptidyl-prolyl cis-trans isomerase, cyclophilin 2120 
type 2121 
S2 0.2 0 0.5 35 Tcr_0920 Peptidyl-prolyl cis-trans isomerase, cyclophilin 2122 
type 2123 
M1 -0.4 -0.8 -0.1 9 Tcr_0921 Peptidylprolyl isomerase 2124 
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M2 -0.4 -0.8 0 19 Tcr_0921 Peptidylprolyl isomerase 2125 
S1 -0.3 -0.6 0 15 Tcr_0921 Peptidylprolyl isomerase 2126 
S2 -0.2 -0.6 0.3 12 Tcr_0921 Peptidylprolyl isomerase 2127 
M1 -0.1 -1.3 4.8 3 Tcr_0922 glutaminyl-tRNA synthetase 2128 
S1 -0.3 -0.6 -0.1 33 Tcr_0922 glutaminyl-tRNA synthetase 2129 
S2 -0.1 -0.4 0.2 31 Tcr_0922 glutaminyl-tRNA synthetase 2130 
M1 0.4 -0.4 1.2 3 Tcr_0923 cysteinyl-tRNA synthetase 2131 
M2 0 -0.7 0.8 4 Tcr_0923 cysteinyl-tRNA synthetase 2132 
S1 0 -0.3 0.2 48 Tcr_0923 cysteinyl-tRNA synthetase 2133 
S2 -0.1 -0.4 0.2 34 Tcr_0923 cysteinyl-tRNA synthetase 2134 
S1 0 -0.3 0.3 17 Tcr_0926 Hydroxyacylglutathione hydrolase  2135 
S2 0.2 -0.2 0.6 12 Tcr_0926 Hydroxyacylglutathione hydrolase  2136 
M1 0.1 -0.7 0.8 2 Tcr_0927 hypothetical protein  2137 
S1 -0.2 -1 0.5 4 Tcr_0928 Ribonuclease H  2138 
S2 -0.1 -0.8 0.6 5 Tcr_0928 Ribonuclease H  2139 
M1 -0.4 -1.1 0.3 4 Tcr_0929 hypothetical protein  2140 
S1 0 -0.4 0.3 26 Tcr_0929 hypothetical protein  2141 
S2 -0.1 -0.5 0.3 13 Tcr_0929 hypothetical protein  2142 
S1 0.9 -0.5 2.3 2 Tcr_0930 DNA polymerase III, epsilon subunit 2143 
M2 0.7 -0.3 1.7 3 Tcr_0931 Peptidylprolyl isomerase, FKBP-type 2144 
S1 0.4 0 0.8 22 Tcr_0931 Peptidylprolyl isomerase, FKBP-type 2145 
S2 0.4 0 0.8 13 Tcr_0931 Peptidylprolyl isomerase, FKBP-type 2146 
M1 0.4 -0.5 1.4 3 Tcr_0932 Beta-lactamase-like 2147 
M2 1.2 0.4 2 5 Tcr_0932 Beta-lactamase-like 2148 
S1 0.3 0.1 0.5 59 Tcr_0932 Beta-lactamase-like 2149 
S2 0.8 0.6 1 43 Tcr_0932 Beta-lactamase-like 2150 
M1 -0.1 -1.3 1 2 Tcr_0934 Phospholipase D/Transphosphatidylase 2151 
M2 0.5 -0.6 1.5 3 Tcr_0935 Mg2+ transporter protein, CorA-like  2152 
M1 -0.8 -1.2 -0.4 6 Tcr_0936 hypothetical protein 2153 
M2 -0.1 -0.8 0.7 2 Tcr_0936 hypothetical protein 2154 
S1 -0.9 -1.1 -0.6 15 Tcr_0936 hypothetical protein 2155 
S2 -0.3 -0.6 0 8 Tcr_0936 hypothetical protein 2156 
M1 -0.2 -0.7 0.3 8 Tcr_0940 hypothetical protein 2157 
M2 -0.2 -0.7 0.3 13 Tcr_0940 hypothetical protein 2158 
S1 -0.1 -0.3 0.2 31 Tcr_0940 hypothetical protein 2159 
S2 0.1 -0.2 0.5 24 Tcr_0940 hypothetical protein 2160 
S1 -0.3 -0.7 0.1 14 Tcr_0945 Short-chain dehydrogenase/reductase SDR 2161 
S2 -0.1 -0.6 0.4 8 Tcr_0945 Short-chain dehydrogenase/reductase SDR 2162 
M1 -0.2 -0.7 0.3 12 Tcr_0947 Band 7 protein 2163 
M2 1 0.5 1.5 10 Tcr_0947 Band 7 protein 2164 
S2 0.4 -0.9 1.7 2 Tcr_0947 Band 7 protein 2165 
M1 -1 -1.8 -0.3 3 Tcr_0948 DEAD/DEAH box helicase-like  2166 
M2 -0.2 -0.9 0.5 4 Tcr_0948 DEAD/DEAH box helicase-like  2167 
M2 3.9 3.1 7.1 2 Tcr_0949 Protein of unknown function DUF302 2168 
M1 -0.2 -0.6 0.3 10 Tcr_0950 ATP-dependent helicase HrpA  2169 
M2 -0.3 -0.9 0.4 10 Tcr_0950 ATP-dependent helicase HrpA  2170 
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M1 -0.2 -0.9 0.4 5 Tcr_0951 hypothetical protein  2171 
M2 -0.2 -0.9 0.4 5 Tcr_0951 hypothetical protein  2172 
M1 -1 -1.7 -0.4 2 Tcr_0952 cytochrome c, class I  2173 
S2 -2.3 -6.8 -0.3 3 Tcr_0953 putative D-cysteine desulfhydrase, DcyD 2174 
M1 -0.2 -0.9 0.4 4 Tcr_0955 ATP-dependent protease, putative  2175 
M2 0.3 -0.3 0.8 10 Tcr_0955 ATP-dependent protease, putative 2176 
S1 0.1 -0.4 0.5 14 Tcr_0955 ATP-dependent protease, putative 2177 
S2 -0.1 -0.8 0.6 7 Tcr_0955 ATP-dependent protease, putative 2178 
M1 0.1 -0.4 0.6 8 Tcr_0958 tetraacyldisaccharide 4'-kinase  2179 
M2 0 -0.7 0.6 9 Tcr_0958 tetraacyldisaccharide 4'-kinase  2180 
M1 0.1 -0.6 0.8 7 Tcr_0959 Protein of unknown function DUF343 2181 
M2 0.3 -0.7 1.3 3 Tcr_0959 Protein of unknown function DUF343 2182 
S1 0.1 -0.5 0.7 9 Tcr_0959 Protein of unknown function DUF343 2183 
S2 0.1 -0.3 0.5 10 Tcr_0959 Protein of unknown function DUF343 2184 
M1 0 -0.4 0.4 10 Tcr_0962 Periplasmic binding protein 2185 
M2 -0.2 -0.5 0.1 28 Tcr_0962 Periplasmic binding protein 2186 
S1 0.6 0.2 1 16 Tcr_0962 Periplasmic binding protein 2187 
S2 -0.1 -0.6 0.5 9 Tcr_0962 Periplasmic binding protein 2188 
M1 0.4 0.3 0.6 237 Tcr_0963 TonB-dependent receptor 2189 
M2 0.1 0 0.2 370 Tcr_0963 TonB-dependent receptor 2190 
S1 0.2 0 0.5 60 Tcr_0963 TonB-dependent receptor 2191 
S2 -0.2 -0.4 0 58 Tcr_0963 TonB-dependent receptor 2192 
M1 0.9 -0.3 2.4 2 Tcr_0964 hypothetical protein  2193 
M1 0.1 -0.7 0.8 4 Tcr_0965 Rhodanese-like  2194 
M2 0.4 -0.3 1 7 Tcr_0965 Rhodanese-like  2195 
S1 1.1 -0.3 2.5 2 Tcr_0966 hypothetical protein  2196 
M1 0.1 -0.3 0.5 13 Tcr_0968 histidine kinase  2197 
M2 0.5 0.1 0.9 17 Tcr_0968 histidine kinase  2198 
M1 -0.4 -1 0.2 7 Tcr_0969 two component transcriptional regulator, winged 2199 
helix family 2200 
M2 -0.6 -1.1 0.2 11 Tcr_0969 two component transcriptional regulator, winged 2201 
helix family 2202 
S1 -1 -6.7 0.2 6 Tcr_0969 two component transcriptional regulator, winged 2203 
helix family 2204 
M1 -0.6 -1.3 0.1 4 Tcr_0970 peptide chain release factor 3 2205 
M2 -0.2 -1.3 0.9 2 Tcr_0970 peptide chain release factor 3 2206 
S1 -0.3 -0.6 0 28 Tcr_0970 peptide chain release factor 3 2207 
S2 -0.1 -0.5 0.4 16 Tcr_0970 peptide chain release factor 3 2208 
M1 -0.3 -1.4 0.9 2 Tcr_0971 magnesium transporter  2209 
M2 -0.3 -1.2 0.6 3 Tcr_0971 magnesium transporter  2210 
M2 -0.1 -0.6 0.4 2 Tcr_0972 sigma 54 modulation protein/ribosomal protein 2211 
S30EA 2212 
S1 0.1 -0.8 1.2 3 Tcr_0972 sigma 54 modulation protein/ribosomal protein 2213 
S30EA 2214 
S2 0 -0.6 0.7 5 Tcr_0972 sigma 54 modulation protein/ribosomal protein 2215 
S30EA 2216 
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M1 -0.2 -0.8 0.4 4 Tcr_0973 ABC transporter related  2217 
M2 -0.2 -0.8 0.4 7 Tcr_0973 ABC transporter related  2218 
S1 -0.4 -1.1 0.3 5 Tcr_0974 OstA-like protein  2219 
S1 -0.1 -0.6 0.4 17 Tcr_0976 phosphatase kdsC  2220 
S2 -1.4 -2.1 -0.7 9 Tcr_0976 phosphatase kdsC  2221 
M1 -0.3 -1 0.5 5 Tcr_0979 ABC transporter related  2222 
M2 0.1 -0.3 0.6 11 Tcr_0979 ABC transporter related  2223 
M1 0.4 -0.2 1 3 Tcr_0981 Mammalian cell entry related 2224 
M2 0 -0.5 0.5 6 Tcr_0981 Mammalian cell entry related 2225 
M1 -0.2 -0.9 0.4 4 Tcr_0982 Toluene tolerance  2226 
M2 -0.4 -1 0.3 7 Tcr_0982 Toluene tolerance 2227 
S1 0.1 -0.5 0.7 7 Tcr_0982 Toluene tolerance 2228 
S2 -0.2 -0.8 0.5 7 Tcr_0982 Toluene tolerance 2229 
M1 0.9 0 1.7 3 Tcr_0983 hypothetical protein  2230 
M1 0.1 -0.4 0.5 10 Tcr_0984 ABC transporter related 2231 
M2 0 -0.4 0.4 15 Tcr_0984 ABC transporter related 2232 
S1 -0.3 -1.3 0.7 2 Tcr_0984 ABC transporter related 2233 
S2 0.1 -0.7 0.8 5 Tcr_0984 ABC transporter related 2234 
S1 -0.1 -0.6 0.4 13 Tcr_0986 BolA-like protein  2235 
S2 0 -0.6 0.6 12 Tcr_0986 BolA-like protein  2236 
M1 -0.2 -0.9 0.6 5 Tcr_0987 UDP-N-acetylglucosamine 1-2237 
carboxyvinyltransferase 2238 
M2 0.2 -0.4 0.7 10 Tcr_0987 UDP-N-acetylglucosamine 1-2239 
carboxyvinyltransferase 2240 
S1 -0.2 -0.5 0.1 31 Tcr_0987 UDP-N-acetylglucosamine 1-2241 
carboxyvinyltransferase 2242 
S2 0.1 -0.2 0.5 21 Tcr_0987 UDP-N-acetylglucosamine 1-2243 
carboxyvinyltransferase 2244 
M1 0 -0.5 0.5 3 Tcr_0988 ATP phosphoribosyltransferase 2245 
M2 0.6 0.2 1.1 8 Tcr_0988 ATP phosphoribosyltransferase 2246 
S1 0 -0.4 0.3 20 Tcr_0988 ATP phosphoribosyltransferase 2247 
S2 -0.1 -0.4 0.2 15 Tcr_0988 ATP phosphoribosyltransferase 2248 
M1 0 -0.2 0.2 41 Tcr_0989 histidinol dehydrogenase 2249 
M2 0 -0.2 0.2 70 Tcr_0989 histidinol dehydrogenase 2250 
S1 0 -0.1 0.2 103 Tcr_0989 histidinol dehydrogenase 2251 
S2 0.1 -0.1 0.3 72 Tcr_0989 histidinol dehydrogenase 2252 
S1 -0.1 -0.5 0.2 14 Tcr_0990 Protein of unknown function DUF34  2253 
S2 0 -0.5 0.5 15 Tcr_0990 Protein of unknown function DUF34  2254 
M1 0.2 -0.2 0.5 12 Tcr_0991 ubiquinol-cytochrome c reductase, iron-sulfur 2255 
subunit 2256 
M2 0.5 0.2 0.8 27 Tcr_0991 ubiquinol-cytochrome c reductase, iron-sulfur 2257 
subunit 2258 
S1 -0.1 -0.6 0.3 5 Tcr_0991 ubiquinol-cytochrome c reductase, iron-sulfur 2259 
subunit 2260 
S2 -0.4 -0.9 0.2 9 Tcr_0991 ubiquinol-cytochrome c reductase, iron-sulfur 2261 
subunit 2262 
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M1 0.2 -0.2 0.6 10 Tcr_0993 Cytochrome c1 2263 
M2 0.3 0 0.6 20 Tcr_0993 Cytochrome c1 2264 
S1 0 -0.9 0.9 3 Tcr_0993 Cytochrome c1 2265 
S2 0.4 -0.8 1.7 2 Tcr_0993 Cytochrome c1 2266 
M1 -0.2 -1.1 0.6 4 Tcr_0994 DNA repair protein RadA 2267 
M2 0.5 -0.1 1 8 Tcr_0994 DNA repair protein RadA 2268 
S1 0.1 -1.1 1.4 2 Tcr_0994 DNA repair protein RadA 2269 
S1 -0.1 -0.5 0.3 16 Tcr_0995 Inositol monophosphatase 2270 
S2 -0.5 -0.8 -0.2 19 Tcr_0995 Inositol monophosphatase 2271 
M2 -0.7 -1.8 0.3 2 Tcr_0996 hypothetical protein  2272 
M1 0.1 -0.2 0.4 17 Tcr_0998 signal recognition particle protein 2273 
M2 0.1 -0.2 0.4 31 Tcr_0998 signal recognition particle protein 2274 
S1 0.2 -0.2 0.5 28 Tcr_0998 signal recognition particle protein 2275 
S2 0 -0.3 0.4 22 Tcr_0998 signal recognition particle protein 2276 
S1 -0.4 -0.9 0.1 8 Tcr_0999 HAD-superfamily subfamily IB, PSPase-like 2277 
S2 -1.4 -2.1 0.9 4 Tcr_0999 HAD-superfamily subfamily IB, PSPase-like 2278 
M1 -0.5 -1 -0.1 3 Tcr_1000 NUDIX hydrolase 2279 
M2 -0.3 -0.9 0.3 6 Tcr_1000 NUDIX hydrolase 2280 
S1 -0.4 -0.8 0.1 9 Tcr_1000 NUDIX hydrolase 2281 
S2 -0.3 -0.9 0.3 7 Tcr_1000 NUDIX hydrolase 2282 
M1 0.3 0 0.5 33 Tcr_1001 2-oxo-acid dehydrogenase E1 component, 2283 
homodimeric type  2284 
M2 0.1 -0.1 0.4 59 Tcr_1001 2-oxo-acid dehydrogenase E1 component, 2285 
homodimeric type  2286 
S1 0.4 0.3 0.6 151 Tcr_1001 2-oxo-acid dehydrogenase E1 component, 2287 
homodimeric type  2288 
S2 0.1 0 0.3 113 Tcr_1001 2-oxo-acid dehydrogenase E1 component, 2289 
homodimeric type  2290 
M1 0.6 0.2 1 9 Tcr_1002 Catalytic domain of components of various 2291 
dehydrogenase complexes 2292 
M2 0.1 -0.4 0.6 11 Tcr_1002 Catalytic domain of components of various 2293 
dehydrogenase complexes 2294 
S1 0.7 0.5 1 49 Tcr_1002 Catalytic domain of components of various 2295 
dehydrogenase complexes 2296 
S2 0.3 0.1 0.6 38 Tcr_1002 Catalytic domain of components of various 2297 
dehydrogenase complexes 2298 
M1 0.4 -0.4 1.2 3 Tcr_1003 Dihydrolipoamide dehydrogenase 2299 
M2 0.6 -0.1 1.3 6 Tcr_1003 Dihydrolipoamide dehydrogenase 2300 
S1 0.6 0.3 0.8 69 Tcr_1003 Dihydrolipoamide dehydrogenase 2301 
S2 0.5 0.3 0.8 45 Tcr_1003 Dihydrolipoamide dehydrogenase 2302 
M1 0 -0.7 0.6 6 Tcr_1005 hypothetical protein 2303 
M2 -0.1 -0.7 0.5 9 Tcr_1005 hypothetical protein 2304 
S1 0.4 -0.5 1.2 5 Tcr_1005 hypothetical protein 2305 
S2 0.1 -0.7 0.8 4 Tcr_1005 hypothetical protein 2306 
M1 -0.9 -2.1 0.3 2 Tcr_1008 hypothetical protein 2307 
S1 -0.8 -2.1 0.3 2 Tcr_1008 hypothetical protein 2308 
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S1 -0.4 -1.5 0.7 3 Tcr_1009 ADP-ribosylation/Crystallin J1  2309 
S2 -2.3 -6.8 0.1 3 Tcr_1009 ADP-ribosylation/Crystallin J1  2310 
S1 -0.3 -0.7 0.2 11 Tcr_1010 Flavoprotein WrbA  2311 
S2 -0.4 -1.2 0.4 5 Tcr_1010 Flavoprotein WrbA  2312 
M1 -0.6 -1.3 0.2 3 Tcr_1011 periplasmic ATP/GTP-binding protein 2313 
M2 -0.2 -0.6 0.3 9 Tcr_1011 periplasmic ATP/GTP-binding protein 2314 
S1 -0.3 -0.8 0.1 16 Tcr_1011 periplasmic ATP/GTP-binding protein 2315 
S2 0.1 -0.3 0.4 19 Tcr_1011 periplasmic ATP/GTP-binding protein 2316 
M1 -0.3 -1.4 0.7 2 Tcr_1013 NAD(P)H dehydrogenase (quinone) 2317 
M2 -0.4 -1.5 0.5 4 Tcr_1013 NAD(P)H dehydrogenase (quinone) 2318 
M1 0.2 -0.6 0.9 3 Tcr_1015 DEAD/DEAH box helicase-like  2319 
S2 -0.6 -1.6 0.4 2 Tcr_1015 DEAD/DEAH box helicase-like  2320 
M1 2.8 2.4 3.2 8 Tcr_1018 Cobyrinic acid a,c-diamide synthase 2321 
M2 2.5 -0.6 3 6 Tcr_1018 Cobyrinic acid a,c-diamide synthase 2322 
S1 2.3 1.5 7.3 4 Tcr_1018 Cobyrinic acid a,c-diamide synthase 2323 
S2 3.4 2.6 7.2 3 Tcr_1018 Cobyrinic acid a,c-diamide synthase 2324 
S2 2.9 2.3 3.7 4 Tcr_1019 hypothetical protein  2325 
S1 -0.3 -0.9 0.4 5 Tcr_1020 Acyl-CoA dehydrogenase-like  2326 
S2 -0.4 -1.2 0.5 3 Tcr_1020 Acyl-CoA dehydrogenase-like  2327 
M1 -0.1 -0.8 0.7 2 Tcr_1021 diguanylate cyclase (GGDEF domain) 2328 
M2 0.4 -0.8 1.7 2 Tcr_1021 diguanylate cyclase (GGDEF domain) 2329 
S1 -0.2 -0.7 0.2 8 Tcr_1021 diguanylate cyclase (GGDEF domain) 2330 
S2 -0.7 -2.7 2.1 2 Tcr_1021 diguanylate cyclase (GGDEF domain) 2331 
S1 0.1 -0.8 1 2 Tcr_1022 selenide, water dikinase  2332 
M2 0 -1 1 3 Tcr_1023 Rhodanese-like  2333 
S1 0.1 -0.8 1 3 Tcr_1023 Rhodanese-like  2334 
M1 0.8 -0.2 3.8 3 Tcr_1024 Nitroreductase  2335 
S1 -0.3 -0.6 0 19 Tcr_1024 Nitroreductase  2336 
S2 0 -0.5 0.4 17 Tcr_1024 Nitroreductase  2337 
M1 0.7 -0.1 1.5 2 Tcr_1026 Peptidylprolyl isomerase, FKBP-type 2338 
M2 0.5 0 1 7 Tcr_1026 Peptidylprolyl isomerase, FKBP-type 2339 
S1 0.2 -0.2 0.5 17 Tcr_1026 Peptidylprolyl isomerase, FKBP-type 2340 
S2 0.4 0 0.7 19 Tcr_1026 Peptidylprolyl isomerase, FKBP-type 2341 
S1 -0.3 -1.1 0.4 3 Tcr_1028 hypothetical protein 2342 
S2 0.1 -0.8 1 4 Tcr_1028 hypothetical protein 2343 
S1 -0.3 -1 0.4 4 Tcr_1029 hypothetical protein 2344 
M1 0.6 -0.5 1.7 2 Tcr_1032 electron transport complex, RnfABCDGE type, 2345 
G subunit 2346 
M1 0.1 -0.3 0.4 7 Tcr_1034 electron transport complex, RnfABCDGE type, 2347 
C subunit 2348 
M2 0 -0.5 0.5 9 Tcr_1034 electron transport complex, RnfABCDGE type, 2349 
C subunit 2350 
S1 0.4 -0.6 1.4 3 Tcr_1034 electron transport complex, RnfABCDGE type, 2351 
C subunit 2352 
M1 -0.1 -0.8 0.5 8 Tcr_1037 methionyl-tRNA synthetase 2353 
M2 -0.1 -0.5 0.3 16 Tcr_1037 methionyl-tRNA synthetase 2354 
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S1 -0.1 -0.4 0.2 27 Tcr_1037 methionyl-tRNA synthetase  2355 
S2 -0.1 -0.4 0.2 23 Tcr_1037 methionyl-tRNA synthetase  2356 
S1 -0.1 -0.8 0.6 4 Tcr_1038 anti-sigma-factor antagonist (STAS) domain 2357 
protein  2358 
S2 0.3 -0.2 0.8 6 Tcr_1038 anti-sigma-factor antagonist (STAS) domain 2359 
protein  2360 
M1 -0.5 -1.5 0.5 2 Tcr_1040 response regulator receiver sensor signal 2361 
transduction histidine kinase 2362 
M2 0.1 -1.2 1.4 2 Tcr_1040 response regulator receiver sensor signal 2363 
transduction histidine kinase 2364 
M1 -0.8 -2.2 0.6 2 Tcr_1041 PAS/PAC sensor signal transduction histidine 2365 
kinase  2366 
M1 -0.3 -0.8 0.1 7 Tcr_1042 putative ATP-binding protein 2367 
M2 0.1 -0.5 0.8 4 Tcr_1042 putative ATP-binding protein 2368 
S1 -0.1 -0.6 0.5 3 Tcr_1042 putative ATP-binding protein 2369 
S2 -3 -3.6 0.9 6 Tcr_1042 putative ATP-binding protein 2370 
S1 -0.3 -1.2 0.5 3 Tcr_1043 Deoxycytidine triphosphate deaminase 2371 
S2 -0.2 -0.9 0.6 3 Tcr_1043 Deoxycytidine triphosphate deaminase 2372 
M1 0.6 -0.6 1.6 5 Tcr_1044 hypothetical protein  2373 
M2 -1 -2.3 0.1 4 Tcr_1044 hypothetical protein 2374 
S1 -1.1 -2.2 -0.1 3 Tcr_1044 hypothetical protein 2375 
S2 -0.2 -1.1 0.8 3 Tcr_1044 hypothetical protein 2376 
S1 -0.5 -1.3 0.3 4 Tcr_1045 phosphoribosylglycinamide formyltransferase  2377 
M1 -0.7 -0.9 -0.4 13 Tcr_1046 phosphoribosylformylglycinamidine cyclo-ligase 2378 
M2 -0.5 -0.9 -0.2 12 Tcr_1046 phosphoribosylformylglycinamidine cyclo-ligase 2379 
S1 -0.3 -0.7 0 14 Tcr_1046 phosphoribosylformylglycinamidine cyclo-ligase 2380 
S2 -0.3 -0.7 0 10 Tcr_1046 phosphoribosylformylglycinamidine cyclo-ligase 2381 
M1 -0.1 -0.9 0.6 6 Tcr_1047 hypothetical protein  2382 
M2 -0.1 -0.6 0.5 12 Tcr_1047 hypothetical protein  2383 
M1 -0.6 -1.3 0 4 Tcr_1048 chromosomal replication initiator protein DnaA  2384 
M2 -0.4 -1.4 0.6 2 Tcr_1048 chromosomal replication initiator protein DnaA  2385 
M1 -0.4 -1.4 0.6 2 Tcr_1049 thioredoxin  2386 
S1 -1.2 -2 -0.3 3 Tcr_1051 hypothetical protein  2387 
S2 -0.9 -1.8 0 3 Tcr_1051 hypothetical protein  2388 
M1 -0.7 -1.7 0.4 3 Tcr_1053 Protein of unknown function DUF519  2389 
M1 0.1 -0.4 0.6 9 Tcr_1054 GTP-binding 2390 
M2 0.4 0 0.9 16 Tcr_1054 GTP-binding 2391 
S1 -0.8 -2.2 0.7 2 Tcr_1054 GTP-binding 2392 
S1 0 -1.2 1.2 2 Tcr_1057 cold-shock DNA-binding domain protein 2393 
M1 0.4 -0.3 1.2 2 Tcr_1059 hypothetical protein  2394 
M2 0.2 -0.7 1 4 Tcr_1059 hypothetical protein 2395 
S1 0.3 -0.3 0.9 6 Tcr_1059 hypothetical protein 2396 
S2 0.3 -0.3 1 4 Tcr_1059 hypothetical protein 2397 
M1 -0.9 -2.1 0.2 2 Tcr_1063 hypothetical protein 2398 
M2 -0.5 -1.8 0.6 2 Tcr_1063 hypothetical protein 2399 
M1 -0.9 -2.1 0.3 2 Tcr_1069 protein-L-isoaspartate O-methyltransferase 2400 
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M2 0.3 -1 1.6 2 Tcr_1069 protein-L-isoaspartate O-methyltransferase 2401 
S1 -1.2 -1.6 -0.7 12 Tcr_1069 protein-L-isoaspartate O-methyltransferase 2402 
S2 -0.1 -0.6 0.3 13 Tcr_1069 protein-L-isoaspartate O-methyltransferase 2403 
S1 1.6 0.7 2.7 4 Tcr_1070 putative nucleoprotein/polynucleotide-associated 2404 
enzyme  2405 
S2 1.1 0.4 1.8 7 Tcr_1070 putative nucleoprotein/polynucleotide-associated 2406 
enzyme  2407 
M1 -0.4 -0.8 -0.1 18 Tcr_1075 prolyl-tRNA synthetase 2408 
M2 -0.1 -0.5 0.2 32 Tcr_1075 prolyl-tRNA synthetase 2409 
S1 -0.4 -0.6 -0.1 55 Tcr_1075 prolyl-tRNA synthetase 2410 
S2 -0.1 -0.4 0.1 49 Tcr_1075 prolyl-tRNA synthetase 2411 
M1 0.4 -0.3 1.2 7 Tcr_1079 Deoxyguanosinetriphosphate 2412 
triphosphohydrolase 2413 
M2 -0.2 -0.9 0.6 3 Tcr_1079 Deoxyguanosinetriphosphate 2414 
triphosphohydrolase 2415 
S1 -0.1 -0.7 0.4 6 Tcr_1079 Deoxyguanosinetriphosphate 2416 
triphosphohydrolase 2417 
S2 0.1 -0.4 0.7 7 Tcr_1079 Deoxyguanosinetriphosphate 2418 
triphosphohydrolase 2419 
M1 0.1 -0.6 0.9 3 Tcr_1080 diguanylate cyclase/phosphodiesterase (GGDEF 2420 
& EAL domains)  2421 
M2 -0.1 -0.8 0.6 4 Tcr_1080 diguanylate cyclase/phosphodiesterase (GGDEF 2422 
& EAL domains)  2423 
M1 -0.3 -1.4 0.9 3 Tcr_1082 hypothetical protein 2424 
M2 0.1 -1.3 1.5 2 Tcr_1082 hypothetical protein 2425 
S1 0.1 -0.9 1.1 2 Tcr_1082 hypothetical protein 2426 
M2 -3.8 -6.9 -3.2 3 Tcr_1083 N-acetylmuramoyl-L-alanine amidase  2427 
M1 -0.4 -1.4 0.9 4 Tcr_1085 tRNA delta(2)-isopentenylpyrophosphate 2428 
transferase 2429 
M2 -0.4 -1.3 0.5 3 Tcr_1085 tRNA delta(2)-isopentenylpyrophosphate 2430 
transferase 2431 
S1 -0.2 -1.1 0.7 3 Tcr_1085 tRNA delta(2)-isopentenylpyrophosphate 2432 
transferase 2433 
S2 -0.3 -0.9 0.3 7 Tcr_1085 tRNA delta(2)-isopentenylpyrophosphate 2434 
transferase 2435 
M1 -0.1 -0.4 0.2 22 Tcr_1086 Host factor Hfq 2436 
M2 0 -0.3 0.2 36 Tcr_1086 Host factor Hfq 2437 
S1 0.1 -0.2 0.3 57 Tcr_1086 Host factor Hfq 2438 
S2 0 -0.3 0.3 35 Tcr_1086 Host factor Hfq 2439 
M1 -0.5 -1 0.1 4 Tcr_1087 Small GTP-binding protein domain  2440 
M2 -0.4 -1.4 0.6 4 Tcr_1087 Small GTP-binding protein domain  2441 
M1 0.2 -0.9 1.3 2 Tcr_1088 ABC-type nitrate/sulfonate/bicarbonate transport 2442 
systems periplasmic components-like 2443 
M1 0 -0.1 0.2 48 Tcr_1090 HflK protein 2444 
M2 0.1 -0.1 0.3 64 Tcr_1090 HflK protein 2445 
S1 0 -0.8 0.9 4 Tcr_1090 HflK protein 2446 
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S2 0.1 -0.9 1 4 Tcr_1090 HflK protein 2447 
M1 0.1 -0.1 0.3 41 Tcr_1091 HflC protein 2448 
M2 0.1 -0.1 0.3 51 Tcr_1091 HflC protein 2449 
S1 -1.9 -6.7 -0.2 2 Tcr_1091 HflC protein 2450 
S2 -0.5 -1.4 0.4 5 Tcr_1091 HflC protein 2451 
M1 -1.2 -2.1 0.1 3 Tcr_1093 ATP phosphoribosyltransferase regulatory 2452 
subunit  2453 
M2 1.6 0.5 2.8 2 Tcr_1093 ATP phosphoribosyltransferase regulatory 2454 
subunit  2455 
S1 0.1 -0.2 0.5 16 Tcr_1093 ATP phosphoribosyltransferase regulatory 2456 
subunit 2457 
S2 -0.2 -0.7 0.2 13 Tcr_1093 ATP phosphoribosyltransferase regulatory 2458 
subunit 2459 
M1 -0.3 -0.6 0 18 Tcr_1094 adenylosuccinate synthetase 2460 
M2 -0.2 -0.5 0.1 32 Tcr_1094 adenylosuccinate synthetase 2461 
S1 -0.2 -0.5 0.1 23 Tcr_1094 adenylosuccinate synthetase 2462 
S2 0 -0.3 0.3 26 Tcr_1094 adenylosuccinate synthetase 2463 
M1 -0.1 -0.3 0.1 40 Tcr_1096 PpiC-type peptidyl-prolyl cis-trans isomerase 2464 
M2 0.1 -0.2 0.3 65 Tcr_1096 PpiC-type peptidyl-prolyl cis-trans isomerase 2465 
S2 -0.4 -1.1 0.3 7 Tcr_1096 PpiC-type peptidyl-prolyl cis-trans isomerase 2466 
M1 -0.6 -1.2 -0.1 6 Tcr_1098 Protein of unknown function DUF489  2467 
M2 -0.3 -1.3 0.7 2 Tcr_1098 Protein of unknown function DUF489  2468 
S1 -0.2 -0.7 0.3 8 Tcr_1099 tRNA (5-methylaminomethyl-2-thiouridylate)-2469 
methyltransferase 2470 
S2 -0.5 -1.3 0.2 5 Tcr_1099 tRNA (5-methylaminomethyl-2-thiouridylate)-2471 
methyltransferase 2472 
M1 -0.1 -0.6 0.3 12 Tcr_1101 isocitrate dehydrogenase, NADP-dependent 2473 
M2 -0.1 -0.5 0.3 19 Tcr_1101 isocitrate dehydrogenase, NADP-dependent 2474 
S1 -0.3 -0.5 -0.2 146 Tcr_1101 isocitrate dehydrogenase, NADP-dependent 2475 
S2 -0.2 -0.4 0 112 Tcr_1101 isocitrate dehydrogenase, NADP-dependent 2476 
M2 -0.6 -1.5 0.2 2 Tcr_1102 hypothetical protein  2477 
S1 -0.5 -1.4 0.5 3 Tcr_1102 hypothetical protein  2478 
S1 -0.3 -0.6 0 26 Tcr_1104 Protein of unknown function DUF28  2479 
S2 0 -0.3 0.4 20 Tcr_1104 Protein of unknown function DUF28  2480 
M1 -1 -1.6 -0.4 7 Tcr_1106 hypothetical protein  2481 
M2 -0.4 -0.9 0.1 9 Tcr_1106 hypothetical protein  2482 
M1 -0.6 -1.7 0.5 2 Tcr_1107 Alpha-L-glutamate ligase-related protein  2483 
M1 -0.3 -0.6 0 31 Tcr_1108 diguanylate cyclase (GGDEF domain) 2484 
M2 0.5 0.2 0.9 33 Tcr_1108 diguanylate cyclase (GGDEF domain) 2485 
S1 -0.4 -0.6 -0.2 39 Tcr_1108 diguanylate cyclase (GGDEF domain) 2486 
S2 0.7 0.1 1.2 21 Tcr_1108 diguanylate cyclase (GGDEF domain) 2487 
S1 -0.5 -1 0 16 Tcr_1109 PhnA protein  2488 
S2 -0.1 -0.5 0.3 10 Tcr_1109 PhnA protein  2489 
M1 -0.5 -0.9 -0.2 15 Tcr_1112 AAA ATPase 2490 
M2 -0.2 -0.6 0.2 17 Tcr_1112 AAA ATPase 2491 
S1 -0.2 -0.7 0.3 8 Tcr_1112 AAA ATPase 2492 
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S2 0.3 -0.1 0.8 4 Tcr_1112 AAA ATPase  2493 
M1 -0.6 -1.5 0.2 2 Tcr_1113 translation initiation factor IF-1 2494 
M2 -0.8 -2 0.3 2 Tcr_1113 translation initiation factor IF-1 2495 
S1 -0.9 -1.2 -0.5 14 Tcr_1113 translation initiation factor IF-1 2496 
S2 -0.6 -1.1 0 8 Tcr_1113 translation initiation factor IF-1 2497 
M1 -0.5 -1.2 0.3 6 Tcr_1115 DNA polymerase III, alpha subunit 2498 
M2 -0.4 -1.3 0.4 8 Tcr_1115 DNA polymerase III, alpha subunit 2499 
S1 7.2 6.6 7.3 4 Tcr_1115 DNA polymerase III, alpha subunit 2500 
M1 -0.4 -0.7 0 10 Tcr_1116 Acetate--CoA ligase 2501 
M2 0.3 -0.1 0.7 20 Tcr_1116 Acetate--CoA ligase 2502 
S1 -0.2 -0.4 0 104 Tcr_1116 Acetate--CoA ligase 2503 
S2 0.3 0.1 0.5 87 Tcr_1116 Acetate--CoA ligase 2504 
M1 0.9 0.7 1.2 13 Tcr_1118 SSS sodium solute transporter superfamily 2505 
M2 1 0.7 1.3 14 Tcr_1118 SSS sodium solute transporter superfamily 2506 
S1 0.8 0 1.7 3 Tcr_1118 SSS sodium solute transporter superfamily 2507 
S2 0.9 0.3 1.6 3 Tcr_1118 SSS sodium solute transporter superfamily 2508 
M2 -1.5 -6.9 -0.3 2 Tcr_1119 putative signal-transduction protein with CBS 2509 
domains 2510 
M1 -0.2 -0.5 0.1 17 Tcr_1122 NusA antitermination factor 2511 
M2 0 -0.3 0.2 27 Tcr_1122 NusA antitermination factor 2512 
S1 -0.1 -0.3 0.1 70 Tcr_1122 NusA antitermination factor 2513 
S2 0.1 -0.1 0.3 67 Tcr_1122 NusA antitermination factor 2514 
M1 -0.1 -0.3 0.2 40 Tcr_1123 translation initiation factor IF-2 2515 
M2 -0.1 -0.3 0.2 64 Tcr_1123 translation initiation factor IF-2 2516 
S1 0.2 -0.1 0.5 20 Tcr_1123 translation initiation factor IF-2 2517 
S2 -0.1 -0.5 0.3 16 Tcr_1123 translation initiation factor IF-2 2518 
S1 -0.4 -1 0.6 7 Tcr_1125 tRNA pseudouridine synthase B  2519 
M2 0.3 -0.4 1.1 7 Tcr_1127 cyclic nucleotide-binding domain (cNMP-BD) 2520 
protein 2521 
S1 0.1 -0.3 0.5 22 Tcr_1127 cyclic nucleotide-binding domain (cNMP-BD) 2522 
protein 2523 
S2 0.3 -0.5 1.1 5 Tcr_1127 cyclic nucleotide-binding domain (cNMP-BD) 2524 
protein 2525 
M1 0 -0.3 0.3 26 Tcr_1128 ribosomal protein S15 2526 
M2 -0.3 -0.8 0.1 19 Tcr_1128 ribosomal protein S15 2527 
S1 0.3 -0.1 0.8 11 Tcr_1128 ribosomal protein S15 2528 
S2 0.3 -0.4 1 5 Tcr_1128 ribosomal protein S15 2529 
M1 0.1 -0.3 0.4 16 Tcr_1129 Polyribonucleotide nucleotidyltransferase 2530 
M2 0 -0.3 0.4 33 Tcr_1129 Polyribonucleotide nucleotidyltransferase 2531 
S1 0.3 0.1 0.5 86 Tcr_1129 Polyribonucleotide nucleotidyltransferase 2532 
S2 0.1 -0.1 0.4 69 Tcr_1129 Polyribonucleotide nucleotidyltransferase 2533 
M1 -0.1 -1.4 1.1 2 Tcr_1130 Peptidase M16-like 2534 
M2 -0.7 -1.4 0 5 Tcr_1130 Peptidase M16-like 2535 
S1 -0.2 -0.5 0.1 47 Tcr_1130 Peptidase M16-like 2536 
S2 -0.4 -0.7 -0.1 43 Tcr_1130 Peptidase M16-like 2537 
M2 -0.2 -1.4 1 2 Tcr_1131 hypothetical protein 2538 
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S1 0.1 -0.8 1 4 Tcr_1132 Transcription factor jumonji, jmjC 2539 
M1 0.2 -0.2 0.5 17 Tcr_1133 Secretion protein HlyD 2540 
M2 0 -0.3 0.4 22 Tcr_1133 Secretion protein HlyD 2541 
S2 -0.2 -1.1 0.8 2 Tcr_1133 Secretion protein HlyD 2542 
M1 -0.2 -0.6 0.2 10 Tcr_1137 adenylosuccinate lyase 2543 
M2 -0.2 -0.8 0.4 9 Tcr_1137 adenylosuccinate lyase 2544 
S1 0 -0.3 0.3 39 Tcr_1137 adenylosuccinate lyase 2545 
S2 0 -0.3 0.3 27 Tcr_1137 adenylosuccinate lyase 2546 
M1 -0.3 -1.5 1 2 Tcr_1140 Protein of unknown function DUF482 2547 
M1 -0.4 -0.7 0 33 Tcr_1142 aconitate hydratase 2 2548 
M2 -0.2 -0.4 0 61 Tcr_1142 aconitate hydratase 2 2549 
S1 -0.1 -0.3 0 159 Tcr_1142 aconitate hydratase 2 2550 
S2 -0.1 -0.2 0.1 129 Tcr_1142 aconitate hydratase 2 2551 
M1 0.1 -0.4 0.5 11 Tcr_1144 Peptidase S49 2552 
M2 0.1 -0.3 0.5 15 Tcr_1144 Peptidase S49 2553 
M1 -0.6 -1.2 0.1 5 Tcr_1145 excinuclease ABC, C subunit 2554 
M2 -0.2 -0.8 0.4 7 Tcr_1145 excinuclease ABC, C subunit 2555 
S1 -0.2 -1.4 0.9 3 Tcr_1145 excinuclease ABC, C subunit 2556 
S2 -0.5 -1.2 0.1 4 Tcr_1145 excinuclease ABC, C subunit 2557 
M1 0.3 0 0.6 11 Tcr_1147 hypothetical protein 2558 
M2 0.6 0.3 0.8 14 Tcr_1147 hypothetical protein 2559 
S1 0.4 0.2 0.7 21 Tcr_1147 hypothetical protein 2560 
S2 0.4 0.2 0.6 24 Tcr_1147 hypothetical protein 2561 
M1 -0.3 -1 0.4 6 Tcr_1150 diguanylate cyclase/phosphodiesterase (GGDEF 2562 
& EAL domains) with PAS/PAC sensor(s)  2563 
M2 -0.1 -0.7 0.6 5 Tcr_1150 diguanylate cyclase/phosphodiesterase (GGDEF 2564 
& EAL domains) with PAS/PAC sensor(s)  2565 
S1 -0.2 -1 0.5 2 Tcr_1151 response regulator receiver (CheY-like) and 2566 
ANTAR domain protein  2567 
S2 -0.1 -0.8 0.6 6 Tcr_1151 response regulator receiver (CheY-like) and 2568 
ANTAR domain protein  2569 
M1 -0.4 -1.1 0.3 5 Tcr_1152 nitrate transporter, putative 2570 
M2 -0.2 -1.2 0.9 2 Tcr_1152 nitrate transporter, putative 2571 
S1 -0.2 -0.7 0.3 9 Tcr_1152 nitrate transporter, putative 2572 
S2 0.2 -0.4 0.7 11 Tcr_1152 nitrate transporter, putative 2573 
S1 -5.4 -6.1 -4.7 8 Tcr_1153 Nitrate transporter system, periplasmic 2574 
component  2575 
S1 -2.3 -6.7 -0.5 2 Tcr_1157 FAD-dependent pyridine nucleotide-disulphide 2576 
oxidoreductase 2577 
S2 4.2 3.7 4.6 2 Tcr_1160 uroporphyrin-III C-methyltransferase  2578 
S1 -0.6 -1 -0.2 4 Tcr_1164 septum site-determining protein MinC 2579 
S2 -0.2 -0.7 0.4 3 Tcr_1164 septum site-determining protein MinC 2580 
M1 -0.5 -0.8 -0.2 35 Tcr_1165 septum site-determining protein MinD 2581 
M2 -0.2 -0.4 0 59 Tcr_1165 septum site-determining protein MinD 2582 
S1 -0.2 -0.5 0 38 Tcr_1165 septum site-determining protein MinD 2583 
S2 0 -0.3 0.3 28 Tcr_1165 septum site-determining protein MinD 2584 
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S1 0.2 -1.3 1.6 2 Tcr_1167 hypothetical protein  2585 
M1 -0.3 -0.9 0.2 7 Tcr_1168 transcription-repair coupling factor 2586 
M2 -0.4 -0.9 0.1 12 Tcr_1168 transcription-repair coupling factor 2587 
S1 0 -0.7 0.6 7 Tcr_1168 transcription-repair coupling factor 2588 
S2 0.1 -1 1.3 3 Tcr_1168 transcription-repair coupling factor 2589 
M1 -0.2 -0.4 0.1 24 Tcr_1170 sulfide-quinone reductase 2590 
M2 0.3 0 0.5 41 Tcr_1170 sulfide-quinone reductase 2591 
S1 0.2 0 0.4 61 Tcr_1170 sulfide-quinone reductase 2592 
S2 0.5 0.3 0.8 43 Tcr_1170 sulfide-quinone reductase 2593 
M2 0.3 -0.9 1.3 3 Tcr_1172 Lipoprotein releasing system, transmembrane 2594 
protein, LolC/E family 2595 
M1 0.1 -0.6 0.8 3 Tcr_1173 Lipoprotein releasing system, ATP-binding 2596 
protein  2597 
M1 -0.7 -1.6 0.3 2 Tcr_1174 ABC transporter related 2598 
M1 -0.3 -0.6 0.1 18 Tcr_1176 trigger factor  2599 
M2 -0.1 -0.4 0.2 36 Tcr_1176 trigger factor 2600 
S1 -0.1 -0.3 0 184 Tcr_1176 trigger factor 2601 
S2 -0.1 -0.3 0.1 145 Tcr_1176 trigger factor 2602 
S1 -0.7 -1.3 -0.1 3 Tcr_1177 ATP-dependent Clp protease, proteolytic subunit 2603 
ClpP  2604 
M1 -0.1 -0.4 0.2 29 Tcr_1178 ATP-dependent Clp protease, ATP-binding 2605 
subunit ClpX  2606 
M2 0.1 -0.2 0.3 58 Tcr_1178 ATP-dependent Clp protease, ATP-binding 2607 
subunit ClpX  2608 
S1 0.4 0 0.7 32 Tcr_1178 ATP-dependent Clp protease, ATP-binding 2609 
subunit ClpX  2610 
S2 0.2 -0.2 0.6 25 Tcr_1178 ATP-dependent Clp protease, ATP-binding 2611 
subunit ClpX  2612 
M1 -0.1 -0.5 0.2 22 Tcr_1179 ATP-dependent protease La 2613 
M2 0.1 -0.2 0.4 41 Tcr_1179 ATP-dependent protease La 2614 
S1 -0.3 -0.7 0.4 12 Tcr_1179 ATP-dependent protease La 2615 
S2 0.2 -0.2 0.7 14 Tcr_1179 ATP-dependent protease La 2616 
M1 -0.2 -0.5 0 24 Tcr_1180 Histone-like DNA-binding protein 2617 
M2 -0.3 -0.5 -0.1 69 Tcr_1180 Histone-like DNA-binding protein 2618 
S1 -0.2 -0.3 0 178 Tcr_1180 Histone-like DNA-binding protein 2619 
S2 -0.3 -0.4 -0.1 147 Tcr_1180 Histone-like DNA-binding protein 2620 
M1 0.2 0 0.4 42 Tcr_1181 Short-chain dehydrogenase/reductase SDR 2621 
M2 -0.1 -0.3 0.1 76 Tcr_1181 Short-chain dehydrogenase/reductase SDR 2622 
S1 0.4 0.2 0.6 77 Tcr_1181 Short-chain dehydrogenase/reductase SDR 2623 
S2 0.1 -0.1 0.3 73 Tcr_1181 Short-chain dehydrogenase/reductase SDR 2624 
M1 -0.3 -1.1 0.6 4 Tcr_1182 extracellular solute-binding protein, family 5 2625 
M2 -0.5 -1.4 0.5 4 Tcr_1182 extracellular solute-binding protein, family 5 2626 
M1 0 -0.3 0.3 23 Tcr_1185 ABC transporter related 2627 
M2 0.2 -0.1 0.5 32 Tcr_1185 ABC transporter related 2628 
S2 0.3 -0.2 0.8 3 Tcr_1185 ABC transporter related 2629 
M1 -0.6 -1.4 0.3 4 Tcr_1186 phosphoenolpyruvate synthase 2630 
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S1 -0.1 -0.5 0.3 25 Tcr_1186 phosphoenolpyruvate synthase  2631 
S2 0 -0.3 0.4 25 Tcr_1186 phosphoenolpyruvate synthase  2632 
M1 -0.2 -0.9 0.6 3 Tcr_1188 Short-chain dehydrogenase/reductase SDR 2633 
M2 -0.4 -1.2 0.4 6 Tcr_1188 Short-chain dehydrogenase/reductase SDR 2634 
S1 -0.1 -0.7 0.5 6 Tcr_1188 Short-chain dehydrogenase/reductase SDR 2635 
S2 0.1 -0.5 0.6 8 Tcr_1188 Short-chain dehydrogenase/reductase SDR 2636 
M1 -0.2 -0.9 0.5 3 Tcr_1189 HAD-superfamily hydrolase, subfamily IA, 2637 
variant 1 2638 
M2 0 -0.6 0.6 6 Tcr_1189 HAD-superfamily hydrolase, subfamily IA, 2639 
variant 1 2640 
S1 -0.5 -1.3 0.3 6 Tcr_1189 HAD-superfamily hydrolase, subfamily IA, 2641 
variant 1 2642 
S2 -0.3 -0.9 0.4 7 Tcr_1189 HAD-superfamily hydrolase, subfamily IA, 2643 
variant 1 2644 
M1 -0.5 -1.4 0.3 2 Tcr_1190 ubiquinone biosynthesis O-methyltransferase 2645 
M2 0.2 -0.6 0.9 4 Tcr_1190 ubiquinone biosynthesis O-methyltransferase 2646 
S1 0 -0.6 0.6 5 Tcr_1190 ubiquinone biosynthesis O-methyltransferase 2647 
S2 0.4 -0.8 1.6 3 Tcr_1190 ubiquinone biosynthesis O-methyltransferase 2648 
M1 -0.1 -0.4 0.3 16 Tcr_1191 DNA gyrase, A subunit 2649 
M2 -0.3 -0.7 0.1 16 Tcr_1191 DNA gyrase, A subunit 2650 
S1 -0.1 -0.3 0.1 71 Tcr_1191 DNA gyrase, A subunit 2651 
S2 -0.1 -0.4 0.1 37 Tcr_1191 DNA gyrase, A subunit 2652 
M2 0 -1.1 1.1 2 Tcr_1192 phosphoserine aminotransferase 2653 
S1 -0.1 -0.3 0.2 41 Tcr_1192 phosphoserine aminotransferase 2654 
S2 -0.3 -0.7 0.1 19 Tcr_1192 phosphoserine aminotransferase 2655 
M1 -0.2 -1 0.6 5 Tcr_1193 Chorismate mutase 2656 
S1 -0.2 -0.7 0.2 14 Tcr_1193 Chorismate mutase 2657 
S2 -0.2 -0.6 0.1 21 Tcr_1193 Chorismate mutase 2658 
M1 0.6 0 1.3 4 Tcr_1194 histidinol-phosphate aminotransferase 2659 
M2 1.1 0.2 2.1 3 Tcr_1194 histidinol-phosphate aminotransferase 2660 
S1 -0.2 -0.6 0.3 6 Tcr_1194 histidinol-phosphate aminotransferase 2661 
S2 -0.4 -1 0.1 6 Tcr_1194 histidinol-phosphate aminotransferase 2662 
M1 -0.3 -1.2 0.6 3 Tcr_1195 Prephenate dehydrogenase 2663 
M2 -0.3 -1.2 0.6 4 Tcr_1195 Prephenate dehydrogenase 2664 
S1 -0.6 -1.5 0.3 4 Tcr_1195 Prephenate dehydrogenase 2665 
S2 -0.5 -1.3 0.2 6 Tcr_1195 Prephenate dehydrogenase 2666 
S1 -0.2 -0.5 0.1 17 Tcr_1196 3-phosphoshikimate 1-carboxyvinyltransferase 2667 
S2 -0.1 -0.5 0.4 10 Tcr_1196 3-phosphoshikimate 1-carboxyvinyltransferase 2668 
M1 3.2 -0.5 3.8 3 Tcr_1197 cytidylate kinase 2669 
S1 -0.2 -0.6 0.1 13 Tcr_1197 cytidylate kinase 2670 
S2 -0.2 -0.6 0.3 5 Tcr_1197 cytidylate kinase 2671 
M1 -0.3 -0.5 -0.1 115 Tcr_1198 ribosomal protein S1 2672 
M2 0 -0.1 0.1 229 Tcr_1198 ribosomal protein S1 2673 
S1 0 -0.2 0.1 147 Tcr_1198 ribosomal protein S1 2674 
S2 0.1 -0.1 0.2 143 Tcr_1198 ribosomal protein S1 2675 
M2 -0.1 -1.1 0.9 3 Tcr_1199 integration host factor, beta subunit 2676 
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S1 -0.1 -0.6 0.4 9 Tcr_1199 integration host factor, beta subunit  2677 
S2 0 -5 0.9 5 Tcr_1199 integration host factor, beta subunit  2678 
S1 -0.5 -0.8 -0.3 24 Tcr_1201 orotidine 5'-phosphate decarboxylase  2679 
S2 -0.2 -0.5 0.2 17 Tcr_1201 orotidine 5'-phosphate decarboxylase  2680 
M1 0.1 -0.7 0.9 3 Tcr_1203 two component transcriptional regulator, winged 2681 
helix family 2682 
M2 0.2 -0.3 0.7 14 Tcr_1203 two component transcriptional regulator, winged 2683 
helix family 2684 
S1 0.1 -0.1 0.4 40 Tcr_1203 two component transcriptional regulator, winged 2685 
helix family 2686 
S2 0.2 -0.1 0.6 24 Tcr_1203 two component transcriptional regulator, winged 2687 
helix family 2688 
M1 -0.2 -1.3 0.9 2 Tcr_1204 hypothetical protein 2689 
M2 -0.3 -1.1 0.5 3 Tcr_1204 hypothetical protein 2690 
S1 -0.3 -0.7 0.1 18 Tcr_1204 hypothetical protein 2691 
S2 -0.1 -0.5 0.3 16 Tcr_1204 hypothetical protein 2692 
M1 -0.5 -1 0.1 5 Tcr_1205 sigma-54 (RpoN) 2693 
M2 0.3 -0.6 0.8 14 Tcr_1205 sigma-54 (RpoN) 2694 
S1 -0.1 -0.5 0.3 14 Tcr_1205 sigma-54 (RpoN) 2695 
S2 0 -0.4 0.4 19 Tcr_1205 sigma-54 (RpoN) 2696 
M1 1.2 0.6 5 11 Tcr_1206 hypothetical protein  2697 
M2 0.4 0.1 0.8 34 Tcr_1206 hypothetical protein  2698 
S1 -0.4 -0.8 0 7 Tcr_1207 arsenate reductase  2699 
S2 0.1 -0.9 1.1 3 Tcr_1207 arsenate reductase  2700 
M2 -0.1 -0.9 0.8 2 Tcr_1208 hypothetical protein  2701 
S1 -0.2 -0.7 0.4 5 Tcr_1208 hypothetical protein  2702 
S2 0.1 -0.4 0.5 8 Tcr_1208 hypothetical protein  2703 
M1 -0.3 -0.8 0.3 8 Tcr_1209 exodeoxyribonuclease VII, large subunit 2704 
M2 -0.4 -1.4 0.7 3 Tcr_1209 exodeoxyribonuclease VII, large subunit 2705 
S1 -0.2 -0.9 0.5 5 Tcr_1209 exodeoxyribonuclease VII, large subunit 2706 
S2 -0.3 -1 0.4 5 Tcr_1209 exodeoxyribonuclease VII, large subunit 2707 
M1 0 -0.6 0.5 3 Tcr_1211 Sodium/hydrogen exchanger  2708 
M2 -0.6 -1.5 0.3 3 Tcr_1211 Sodium/hydrogen exchanger  2709 
M1 -0.1 -1.2 1 2 Tcr_1212 (p)ppGpp synthetase I (GTP 2710 
pyrophosphokinase), SpoT/RelA 2711 
S1 -0.2 -0.9 0.5 7 Tcr_1212 (p)ppGpp synthetase I (GTP 2712 
pyrophosphokinase), SpoT/RelA 2713 
S2 0 -0.6 0.6 9 Tcr_1212 (p)ppGpp synthetase I (GTP 2714 
pyrophosphokinase), SpoT/RelA 2715 
S1 -1.9 -2.7 -1.2 4 Tcr_1213 6-phosphogluconolactonase  2716 
S2 -1.1 -2 -0.4 5 Tcr_1213 6-phosphogluconolactonase  2717 
S1 -1.7 -2.7 -0.9 4 Tcr_1214 glucose-6-phosphate 1-dehydrogenase 2718 
S2 -1.3 -2.1 -0.7 6 Tcr_1214 glucose-6-phosphate 1-dehydrogenase 2719 
S1 -3 -6.7 -2 18 Tcr_1215 6-phosphogluconate dehydrogenase, 2720 
decarboxylating  2721 
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S2 -1.6 -2.2 -0.9 5 Tcr_1215 6-phosphogluconate dehydrogenase, 2722 
decarboxylating 2723 
M1 -0.3 -0.9 0.4 4 Tcr_1216 glutamyl-tRNA synthetase 2724 
M2 -0.2 -0.7 0.4 8 Tcr_1216 glutamyl-tRNA synthetase 2725 
S1 0 -0.4 0.3 35 Tcr_1216 glutamyl-tRNA synthetase 2726 
S2 -0.1 -0.5 0.2 22 Tcr_1216 glutamyl-tRNA synthetase 2727 
S1 -0.2 -0.8 0.5 6 Tcr_1217 Peptidase M61  2728 
S2 -0.4 -1.1 0.3 7 Tcr_1217 Peptidase M61  2729 
S1 -0.1 -0.8 0.6 3 Tcr_1218 SlyX  2730 
M1 -1.3 -6.9 0.1 2 Tcr_1221 Phosphonate-binding periplasmic protein  2731 
M2 -0.3 -1.6 0.9 2 Tcr_1221 Phosphonate-binding periplasmic protein  2732 
M1 0.1 -1.6 1.8 2 Tcr_1222 diguanylate cyclase/phosphodiesterase (GGDEF 2733 
& EAL domains) with PAS/PAC sensor(s) 2734 
M2 -2.3 -6.9 -0.5 4 Tcr_1222 diguanylate cyclase/phosphodiesterase (GGDEF 2735 
& EAL domains) with PAS/PAC sensor(s) 2736 
M1 -0.6 -1.1 -0.1 2 Tcr_1226 Ferritin and Dps 2737 
M2 -0.3 -1.4 0.6 10 Tcr_1226 Ferritin and Dps 2738 
S1 -0.3 -0.5 0 28 Tcr_1226 Ferritin and Dps 2739 
S2 -0.3 -0.6 0 22 Tcr_1226 Ferritin and Dps 2740 
M1 -1 -1.6 0.3 5 Tcr_1228 Pseudouridine synthase, Rsu  2741 
M2 0.2 -0.7 1.1 3 Tcr_1228 Pseudouridine synthase, Rsu  2742 
M1 -0.3 -0.7 0.2 6 Tcr_1230 Sua5/YciO/YrdC/YwlC  2743 
M2 -0.3 -0.9 0.4 6 Tcr_1230 Sua5/YciO/YrdC/YwlC  2744 
M1 -0.8 -1.7 0.1 6 Tcr_1231 PHP-like  2745 
M2 -0.5 -1.5 0.5 4 Tcr_1231 PHP-like  2746 
S1 -0.1 -1.1 0.7 6 Tcr_1231 PHP-like  2747 
S1 -0.1 -0.4 0.3 12 Tcr_1233 YCII-related  2748 
S2 0 -0.3 0.4 12 Tcr_1233 YCII-related  2749 
S1 -0.3 -1 0.4 3 Tcr_1234 putative prophage repressor  2750 
S2 0.5 -0.4 1.5 3 Tcr_1234 putative prophage repressor  2751 
M1 -0.8 -1.2 -0.3 7 Tcr_1238 Protein of unknown function DUF615 2752 
M2 -0.2 -0.6 0.2 11 Tcr_1238 Protein of unknown function DUF615 2753 
S1 -0.9 -1.4 -0.3 4 Tcr_1238 Protein of unknown function DUF615 2754 
S2 -0.2 -0.8 0.4 6 Tcr_1238 Protein of unknown function DUF615 2755 
M1 -0.1 -0.9 0.6 5 Tcr_1239 DNA ligase, NAD-dependent 2756 
S1 0.1 -0.7 0.9 5 Tcr_1239 DNA ligase, NAD-dependent 2757 
S2 0 -0.4 0.4 14 Tcr_1239 DNA ligase, NAD-dependent 2758 
M1 0.3 -0.1 0.8 11 Tcr_1240 Cell division protein-like 2759 
M2 0.7 0.2 1.2 10 Tcr_1240 Cell division protein-like 2760 
S1 0.2 -0.6 1 3 Tcr_1240 Cell division protein-like 2761 
S2 0.2 -0.7 1.1 3 Tcr_1240 Cell division protein-like 2762 
S1 0.2 -0.2 0.7 12 Tcr_1242 HAD-superfamily hydrolase subfamily IA, 2763 
variant 3 2764 
S2 0.7 0.3 1.1 18 Tcr_1242 HAD-superfamily hydrolase subfamily IA, 2765 
variant 3 2766 
M2 0.1 -0.9 1.1 2 Tcr_1243 transcriptional regulators, TraR/DksA family 2767 
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S1 0.1 -0.1 0.4 36 Tcr_1243 transcriptional regulators, TraR/DksA family 2768 
S2 0.3 0 0.5 35 Tcr_1243 transcriptional regulators, TraR/DksA family 2769 
S1 -0.3 -1.1 0.4 6 Tcr_1248 Phosphoesterase, RecJ-like  2770 
S2 -0.4 -1.1 0.3 8 Tcr_1248 Phosphoesterase, RecJ-like  2771 
S1 -0.3 -0.6 -0.1 37 Tcr_1249 threonine synthase  2772 
S2 -0.1 -0.4 0.2 30 Tcr_1249 threonine synthase  2773 
M1 -0.5 -0.9 -0.1 17 Tcr_1251 Homoserine dehydrogenase  2774 
M2 -0.2 -0.5 0.2 25 Tcr_1251 Homoserine dehydrogenase 2775 
S1 -0.2 -0.5 0 36 Tcr_1251 Homoserine dehydrogenase 2776 
S2 -0.2 -0.5 0.1 26 Tcr_1251 Homoserine dehydrogenase 2777 
M1 -0.1 -0.7 0.5 5 Tcr_1252 Aminotransferase, class I and II 2778 
M2 0 -0.6 0.6 8 Tcr_1252 Aminotransferase, class I and II 2779 
S1 -0.3 -0.6 -0.1 32 Tcr_1252 Aminotransferase, class I and II 2780 
S2 -0.2 -0.5 0.1 25 Tcr_1252 Aminotransferase, class I and II 2781 
S1 -0.2 -0.7 0.3 3 Tcr_1253 Protein of unknown function DUF598  2782 
S2 -0.1 -1.4 0.8 3 Tcr_1253 Protein of unknown function DUF598  2783 
M1 -0.3 -0.8 0.2 6 Tcr_1256 protein-L-isoaspartate O-methyltransferase 2784 
M2 -0.4 -1.2 0.4 4 Tcr_1256 protein-L-isoaspartate O-methyltransferase 2785 
S1 -0.3 -1.4 0.9 3 Tcr_1256 protein-L-isoaspartate O-methyltransferase 2786 
S2 -0.2 -1.2 0.8 3 Tcr_1256 protein-L-isoaspartate O-methyltransferase 2787 
M1 -0.5 -1.3 0.4 2 Tcr_1257 stationary-phase survival protein SurE 2788 
S1 -0.4 -1.5 0.7 2 Tcr_1257 stationary-phase survival protein SurE 2789 
S2 -0.3 -1.2 0.5 2 Tcr_1257 stationary-phase survival protein SurE 2790 
M2 2.8 0.6 7.1 4 Tcr_1259 Septum formation initiator 2791 
M1 0 -0.3 0.3 21 Tcr_1260 enolase  2792 
M2 -0.2 -0.6 0.1 38 Tcr_1260 enolase 2793 
S1 -0.2 -0.3 -0.1 192 Tcr_1260 enolase 2794 
S2 -0.3 -0.4 -0.2 187 Tcr_1260 enolase 2795 
M1 2.9 0 3.5 3 Tcr_1261 2-dehydro-3-deoxyphosphooctonate aldolase 2796 
S1 0 -0.3 0.2 44 Tcr_1261 2-dehydro-3-deoxyphosphooctonate aldolase 2797 
S2 -0.2 -0.5 0.1 40 Tcr_1261 2-dehydro-3-deoxyphosphooctonate aldolase 2798 
M1 -0.6 -0.8 -0.3 33 Tcr_1262 CTP synthase 2799 
M2 -0.5 -0.7 -0.3 52 Tcr_1262 CTP synthase 2800 
S1 -0.5 -0.7 -0.3 59 Tcr_1262 CTP synthase 2801 
S2 -0.6 -0.8 -0.3 65 Tcr_1262 CTP synthase 2802 
S1 1 -0.3 2.2 2 Tcr_1263 PP-loop  2803 
M1 -0.2 -0.4 0.1 30 Tcr_1264 acetyl-CoA carboxylase, carboxyl transferase, 2804 
alpha subunit 2805 
M2 -0.1 -0.3 0.2 63 Tcr_1264 acetyl-CoA carboxylase, carboxyl transferase, 2806 
alpha subunit 2807 
S1 0 -0.3 0.3 30 Tcr_1264 acetyl-CoA carboxylase, carboxyl transferase, 2808 
alpha subunit 2809 
S2 0.1 -0.2 0.4 29 Tcr_1264 acetyl-CoA carboxylase, carboxyl transferase, 2810 
alpha subunit 2811 
S1 -0.2 -0.7 0.2 12 Tcr_1265 Protein of unknown function DUF181 2812 
S2 0.2 -0.4 0.8 10 Tcr_1265 Protein of unknown function DUF181 2813 
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M1 -1 -1.5 -0.4 10 Tcr_1266 hypothetical protein 2814 
M2 0 -0.4 0.4 14 Tcr_1266 hypothetical protein 2815 
S1 -0.6 -0.9 -0.3 22 Tcr_1266 hypothetical protein 2816 
S2 0.2 -0.2 0.6 19 Tcr_1266 hypothetical protein 2817 
M1 -0.9 -2 0.1 3 Tcr_1267 hypothetical protein 2818 
M2 0.1 -1.2 1.5 2 Tcr_1267 hypothetical protein 2819 
S1 -1 -1.7 -0.1 4 Tcr_1267 hypothetical protein 2820 
M1 -0.6 -1.4 0.3 5 Tcr_1268 Peptidase M22, glycoprotease 2821 
M2 -0.7 -1.8 0.3 4 Tcr_1268 Peptidase M22, glycoprotease 2822 
S1 -0.3 -0.7 0.2 9 Tcr_1268 Peptidase M22, glycoprotease 2823 
S2 -0.1 -0.7 0.4 8 Tcr_1268 Peptidase M22, glycoprotease 2824 
M1 -0.6 -1.3 0.1 4 Tcr_1269 Helicase c2  2825 
M2 -0.1 -0.6 0.4 9 Tcr_1269 Helicase c2  2826 
M1 0 -0.4 0.3 7 Tcr_1270 ribosomal protein L36 2827 
M2 0 -0.3 0.4 14 Tcr_1270 ribosomal protein L36 2828 
S1 0 -0.3 0.4 7 Tcr_1270 ribosomal protein L36 2829 
S2 0.1 -0.3 0.5 6 Tcr_1270 ribosomal protein L36 2830 
M1 -0.4 -0.8 0.1 10 Tcr_1271 response regulator receiver (CheY-like) 2831 
modulated CheW protein  2832 
M2 0.2 -0.1 0.5 20 Tcr_1271 response regulator receiver (CheY-like) 2833 
modulated CheW protein  2834 
S1 0 -0.3 0.3 21 Tcr_1271 response regulator receiver (CheY-like) 2835 
modulated CheW protein  2836 
S2 0.4 -0.1 0.9 13 Tcr_1271 response regulator receiver (CheY-like) 2837 
modulated CheW protein  2838 
M1 -0.2 -1.2 0.7 3 Tcr_1273 lipid-A-disaccharide synthase  2839 
S1 0 -0.5 0.4 10 Tcr_1274 acyl-(acyl-carrier-protein)--UDP-N- 2840 
acetylglucosamine O-acyltransferase 2841 
S2 -0.1 -0.8 0.5 7 Tcr_1274 acyl-(acyl-carrier-protein)--UDP-N- 2842 
acetylglucosamine O-acyltransferase 2843 
M1 -0.3 -0.9 0.3 2 Tcr_1275 beta-hydroxyacyl-(acyl-carrier-protein) 2844 
dehydratase FabZ  2845 
M2 -0.1 -0.7 0.4 8 Tcr_1275 beta-hydroxyacyl-(acyl-carrier-protein) 2846 
dehydratase FabZ  2847 
M2 -2.6 -3.6 -1 5 Tcr_1276 UDP-3-O-(3-hydroxymyristoyl) glucosamine N-2848 
acyltransferase  2849 
S1 -0.1 -0.7 0.4 13 Tcr_1276 UDP-3-O-(3-hydroxymyristoyl) glucosamine N-2850 
acyltransferase  2851 
S2 -0.2 -0.8 0.3 7 Tcr_1276 UDP-3-O-(3-hydroxymyristoyl) glucosamine N-2852 
acyltransferase  2853 
M1 -0.5 -0.9 -0.1 8 Tcr_1277 Outer membrane chaperone Skp (OmpH) 2854 
M2 -0.2 -0.6 0.1 25 Tcr_1277 Outer membrane chaperone Skp (OmpH) 2855 
S1 -0.1 -0.8 0.5 9 Tcr_1277 Outer membrane chaperone Skp (OmpH) 2856 
S2 -0.7 -1.6 0.1 4 Tcr_1277 Outer membrane chaperone Skp (OmpH) 2857 
M1 0.1 -0.3 0.5 16 Tcr_1278 surface antigen (D15)  2858 
M2 0.4 -0.1 0.8 16 Tcr_1278 surface antigen (D15)  2859 
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M1 -0.2 -1.4 1 3 Tcr_1279 putative membrane-associated zinc 2860 
metallopeptidase  2861 
S1 0 -1 0.9 3 Tcr_1281 undecaprenyl diphosphate synthase 2862 
M1 0.4 -0.6 1.3 2 Tcr_1282 ribosome recycling factor  2863 
M2 0 -0.6 0.7 7 Tcr_1282 ribosome recycling factor 2864 
S1 0 -0.2 0.3 69 Tcr_1282 ribosome recycling factor 2865 
S2 0 -0.2 0.2 69 Tcr_1282 ribosome recycling factor 2866 
M2 0.5 -0.3 1.3 4 Tcr_1283 Uridylate kinase 2867 
S1 -0.1 -0.4 0.3 21 Tcr_1283 Uridylate kinase 2868 
S2 -0.2 -0.6 0.1 20 Tcr_1283 Uridylate kinase 2869 
M1 0 -0.6 0.5 9 Tcr_1284 translation elongation factor Ts 2870 
M2 0 -0.4 0.5 16 Tcr_1284 translation elongation factor Ts 2871 
S1 -0.1 -0.3 0 160 Tcr_1284 translation elongation factor Ts 2872 
S2 -0.1 -0.2 0.1 128 Tcr_1284 translation elongation factor Ts 2873 
M1 0 -0.2 0.1 107 Tcr_1285 ribosomal protein S2 2874 
M2 0 -0.2 0.1 174 Tcr_1285 ribosomal protein S2 2875 
S1 0 -0.1 0.2 80 Tcr_1285 ribosomal protein S2 2876 
S2 0 -0.2 0.2 59 Tcr_1285 ribosomal protein S2 2877 
M1 -0.4 -1.4 0.5 4 Tcr_1286 methionine aminopeptidase, type I 2878 
M2 -0.6 -1.6 0.3 3 Tcr_1286 methionine aminopeptidase, type I 2879 
S1 -0.3 -0.8 0.2 7 Tcr_1286 methionine aminopeptidase, type I 2880 
S2 -0.2 -0.5 0.2 9 Tcr_1286 methionine aminopeptidase, type I 2881 
M1 -0.3 -1.4 0.9 3 Tcr_1287 UTP-GlnB (protein PII) uridylyltransferase, 2882 
GlnD  2883 
M2 -0.7 -2 0.6 2 Tcr_1287 UTP-GlnB (protein PII) uridylyltransferase, 2884 
GlnD  2885 
S1 -0.1 -0.7 0.4 12 Tcr_1287 UTP-GlnB (protein PII) uridylyltransferase, 2886 
GlnD  2887 
S2 -0.5 -1.1 0.2 5 Tcr_1287 UTP-GlnB (protein PII) uridylyltransferase, 2888 
GlnD  2889 
S1 0.5 0 0.9 12 Tcr_1288 Glyoxalase/bleomycin resistance 2890 
protein/dioxygenase 2891 
S2 0.3 -0.3 0.9 7 Tcr_1288 Glyoxalase/bleomycin resistance 2892 
protein/dioxygenase 2893 
M1 -0.3 -0.7 0.2 9 Tcr_1289 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-2894 
succinyltransferase  2895 
M2 -0.2 -0.7 0.2 11 Tcr_1289 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-2896 
succinyltransferase  2897 
S1 -0.2 -0.4 0 78 Tcr_1289 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-2898 
succinyltransferase  2899 
S2 -0.3 -0.5 -0.1 69 Tcr_1289 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-2900 
succinyltransferase  2901 
S1 -0.4 -1.6 0.8 2 Tcr_1290 hypothetical protein  2902 
S1 -0.7 -1.2 -0.2 13 Tcr_1291 succinyl-diaminopimelate desuccinylase 2903 
S2 0 -0.6 0.5 12 Tcr_1291 succinyl-diaminopimelate desuccinylase 2904 
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M1 -0.6 -1.1 -0.2 7 Tcr_1292 cyclic nucleotide-binding domain (cNMP-BD) 2905 
protein 2906 
M2 -0.2 -0.8 0.3 9 Tcr_1292 cyclic nucleotide-binding domain (cNMP-BD) 2907 
protein 2908 
S1 -0.5 -0.9 -0.1 15 Tcr_1292 cyclic nucleotide-binding domain (cNMP-BD) 2909 
protein 2910 
S2 -0.2 -0.7 0.2 11 Tcr_1292 cyclic nucleotide-binding domain (cNMP-BD) 2911 
protein 2912 
M1 -0.4 -1.4 0.5 4 Tcr_1294 UDP-N-acetylenolpyruvoylglucosamine 2913 
reductase 2914 
M2 -0.2 -1.2 0.7 3 Tcr_1294 UDP-N-acetylenolpyruvoylglucosamine 2915 
reductase 2916 
S1 -0.3 -1.1 0.4 3 Tcr_1294 UDP-N-acetylenolpyruvoylglucosamine 2917 
reductase 2918 
M1 -0.7 -1.2 -0.2 4 Tcr_1296 Glycoside hydrolase, family 3-like 2919 
M2 -0.5 -1.2 0.2 5 Tcr_1296 Glycoside hydrolase, family 3-like 2920 
S1 -0.8 -1.3 -0.3 8 Tcr_1296 Glycoside hydrolase, family 3-like 2921 
S2 -0.6 -1.2 0 9 Tcr_1296 Glycoside hydrolase, family 3-like 2922 
S1 0.1 -0.6 1.2 8 Tcr_1300 ErfK/YbiS/YcfS/YnhG  2923 
S2 -0.3 -1.1 0.6 3 Tcr_1300 ErfK/YbiS/YcfS/YnhG  2924 
M1 -0.3 -0.9 0.4 2 Tcr_1303 extracellular solute-binding protein, family 5  2925 
M2 0.4 -0.5 1.4 3 Tcr_1303 extracellular solute-binding protein, family 5  2926 
M1 -0.4 -0.6 -0.2 53 Tcr_1304 Type I secretion outer membrane protein, TolC 2927 
M2 0 -0.3 0.2 69 Tcr_1304 Type I secretion outer membrane protein, TolC 2928 
S1 -0.9 -1.3 -0.4 17 Tcr_1304 Type I secretion outer membrane protein, TolC 2929 
S2 -0.6 -1 -0.3 20 Tcr_1304 Type I secretion outer membrane protein, TolC 2930 
S2 -0.3 -1.2 0.5 3 Tcr_1305 Adenylate cyclase  2931 
M1 0.5 -0.5 1.5 2 Tcr_1306 cysteine synthase B 2932 
S1 0.2 -0.3 0.7 11 Tcr_1306 cysteine synthase B 2933 
S2 0.4 -0.2 1 8 Tcr_1306 cysteine synthase B 2934 
S1 -0.2 -0.8 0.4 6 Tcr_1309 Glutathione S-transferase-like 2935 
M1 -0.4 -1 0.2 6 Tcr_1312 Peptidase U32  2936 
M2 -0.1 -0.5 0.3 9 Tcr_1312 Peptidase U32 2937 
S1 -0.4 -0.7 -0.1 23 Tcr_1312 Peptidase U32 2938 
S2 -0.1 -0.5 0.2 25 Tcr_1312 Peptidase U32 2939 
M1 0.5 -0.7 1.5 4 Tcr_1314 hypothetical protein 2940 
M2 1 -0.3 1.9 5 Tcr_1314 hypothetical protein 2941 
S1 0 -0.3 0.3 22 Tcr_1314 hypothetical protein 2942 
S2 0 -0.3 0.4 23 Tcr_1314 hypothetical protein 2943 
M1 3.9 3.6 4.3 31 Tcr_1315 conserved hypothetical signal peptide protein 2944 
M2 4.5 4.1 4.8 46 Tcr_1315 conserved hypothetical signal peptide protein 2945 
S1 3.6 3.3 4.2 10 Tcr_1315 conserved hypothetical signal peptide protein 2946 
S2 3.8 3.2 4.4 2 Tcr_1315 conserved hypothetical signal peptide protein 2947 
M2 -0.2 -1.6 1.2 2 Tcr_1319 hypothetical protein 2948 
S1 0.6 -0.1 1.3 6 Tcr_1322 hypothetical protein 2949 
S2 -0.1 -1.4 1.1 3 Tcr_1322 hypothetical protein 2950 
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S2 0.9 -0.4 2.3 2 Tcr_1324 Glycosyl hydrolase, BNR repeat  2951 
M2 -0.4 -1.6 0.9 2 Tcr_1326 Peptidylprolyl isomerase, FKBP-type  2952 
S1 0.4 0 0.8 22 Tcr_1326 Peptidylprolyl isomerase, FKBP-type  2953 
S2 0.5 0 0.9 18 Tcr_1326 Peptidylprolyl isomerase, FKBP-type  2954 
S1 0.7 -0.7 2 4 Tcr_1327 hypothetical protein  2955 
S2 1.9 0.7 7.2 2 Tcr_1327 hypothetical protein  2956 
M1 -0.3 -1.2 0.6 3 Tcr_1330 SecF protein  2957 
M2 -0.3 -0.9 0.2 10 Tcr_1330 SecF protein  2958 
M1 -0.4 -0.7 -0.2 20 Tcr_1331 protein-export membrane protein SecD 2959 
M2 -0.3 -0.6 0 39 Tcr_1331 protein-export membrane protein SecD 2960 
S1 -0.7 -1.7 0.2 4 Tcr_1331 protein-export membrane protein SecD 2961 
M1 0.1 -0.1 0.4 28 Tcr_1332 preprotein translocase, YajC subunit  2962 
M2 0.2 -0.1 0.5 32 Tcr_1332 preprotein translocase, YajC subunit 2963 
S1 0.2 -0.7 1 4 Tcr_1332 preprotein translocase, YajC subunit 2964 
S2 -0.2 -1 0.7 4 Tcr_1332 preprotein translocase, YajC subunit 2965 
M1 0 -0.7 0.7 5 Tcr_1333 queuine tRNA-ribosyltransferase 2966 
M2 0.2 -0.3 0.8 8 Tcr_1333 queuine tRNA-ribosyltransferase 2967 
S1 0.1 -0.4 0.6 12 Tcr_1333 queuine tRNA-ribosyltransferase 2968 
S2 0.4 -0.1 1 12 Tcr_1333 queuine tRNA-ribosyltransferase 2969 
S1 -0.2 -0.6 0.3 7 Tcr_1334 S-adenosylmethionine  2970 
S2 0 -0.3 0.3 7 Tcr_1334 S-adenosylmethionine  2971 
M1 0.4 -0.8 1.6 2 Tcr_1336 hypothetical protein  2972 
S1 0 -0.7 0.7 5 Tcr_1336 hypothetical protein  2973 
S2 0.2 -0.5 0.9 6 Tcr_1336 hypothetical protein  2974 
M1 -0.5 -0.9 -0.1 8 Tcr_1337 choline/carnitine/betaine transport  2975 
M2 -0.3 -0.9 0.4 4 Tcr_1337 choline/carnitine/betaine transport  2976 
S2 -0.4 -1.3 0.6 3 Tcr_1337 choline/carnitine/betaine transport  2977 
M1 -0.2 -1.2 0.7 2 Tcr_1338 transcriptional regulator, XRE family 2978 
M2 0.3 -1 1.5 2 Tcr_1338 transcriptional regulator, XRE family 2979 
S1 -0.2 -0.8 0.5 12 Tcr_1338 transcriptional regulator, XRE family 2980 
S2 -0.5 -0.9 0 10 Tcr_1338 transcriptional regulator, XRE family 2981 
M1 -4.1 -4.7 -3.7 5 Tcr_1339 nitrogen regulatory protein P-II (GlnB, GlnK) 2982 
M2 -3.3 -3.8 -2.8 3 Tcr_1339 nitrogen regulatory protein P-II (GlnB, GlnK) 2983 
S1 -6.1 -6.4 -5.7 9 Tcr_1339 nitrogen regulatory protein P-II (GlnB, GlnK) 2984 
S2 -5.5 -6.8 -4.9 5 Tcr_1339 nitrogen regulatory protein P-II (GlnB, GlnK) 2985 
S1 0.3 -0.8 1.3 3 Tcr_1342 Glutamine amidotransferase class-I  2986 
M1 -1 -3 1.3 2 Tcr_1344 Ferredoxin-dependent glutamate synthase  2987 
M2 -0.6 -1.3 0.5 7 Tcr_1344 Ferredoxin-dependent glutamate synthase  2988 
S2 -2.5 -3.1 -2 3 Tcr_1344 Ferredoxin-dependent glutamate synthase  2989 
M1 0.1 -0.6 0.8 5 Tcr_1354 hypothetical protein  2990 
M2 0 -0.6 0.7 8 Tcr_1354 hypothetical protein  2991 
M1 0 -0.8 0.9 4 Tcr_1360 replicative DNA helicase  2992 
M2 -0.5 -1 0 7 Tcr_1360 replicative DNA helicase 2993 
S1 0.2 -0.3 0.6 11 Tcr_1360 replicative DNA helicase 2994 
S2 0 -0.4 0.4 10 Tcr_1360 replicative DNA helicase 2995 
M1 -0.3 -0.6 -0.1 44 Tcr_1361 ribosomal protein L9 2996 
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M2 -0.1 -0.3 0.1 95 Tcr_1361 ribosomal protein L9 2997 
S1 -0.2 -0.5 0.1 41 Tcr_1361 ribosomal protein L9 2998 
S2 -0.1 -0.5 0.2 26 Tcr_1361 ribosomal protein L9 2999 
M1 -0.3 -0.7 0 31 Tcr_1363 ribosomal protein S18 3000 
M2 0 -0.2 0.3 34 Tcr_1363 ribosomal protein S18 3001 
S1 0 -0.3 0.4 16 Tcr_1363 ribosomal protein S18 3002 
S2 0 -0.3 0.3 21 Tcr_1363 ribosomal protein S18 3003 
M1 -0.1 -0.5 0.2 10 Tcr_1364 ribosomal protein S6 3004 
M2 0.1 -0.2 0.4 20 Tcr_1364 ribosomal protein S6 3005 
S1 -0.3 -0.8 0.3 11 Tcr_1364 ribosomal protein S6 3006 
S2 0.1 -0.8 3.8 7 Tcr_1364 ribosomal protein S6 3007 
S1 0.2 -0.7 1 3 Tcr_1365 Flavodoxin, long chain  3008 
S2 0.5 -0.8 2 2 Tcr_1365 Flavodoxin, long chain  3009 
S1 -0.1 -1 0.9 3 Tcr_1366 negative regulator of AmpC, AmpD  3010 
S2 -0.3 -1.4 0.8 2 Tcr_1366 negative regulator of AmpC, AmpD  3011 
M1 -0.5 -0.9 -0.2 17 Tcr_1367 nicotinate-nucleotide pyrophosphorylase 3012 
M2 -0.3 -0.7 0.1 26 Tcr_1367 nicotinate-nucleotide pyrophosphorylase 3013 
S1 0 -0.5 0.4 16 Tcr_1367 nicotinate-nucleotide pyrophosphorylase 3014 
S2 -0.2 -0.7 0.2 11 Tcr_1367 nicotinate-nucleotide pyrophosphorylase 3015 
M1 0.3 -0.3 0.8 7 Tcr_1368 Potassium efflux system protein  3016 
M2 0.9 0.3 1.5 6 Tcr_1368 Potassium efflux system protein  3017 
M1 -0.8 -1.8 0.1 3 Tcr_1370 Pseudouridine synthase, RluD  3018 
M2 0 -1 1 5 Tcr_1370 Pseudouridine synthase, RluD  3019 
S2 -0.8 -2.1 0.4 2 Tcr_1370 Pseudouridine synthase, RluD  3020 
S1 -0.1 -0.5 0.3 25 Tcr_1372 NAD+ synthetase  3021 
S2 -0.1 -0.5 0.3 25 Tcr_1372 NAD+ synthetase  3022 
S1 0.1 -0.3 0.4 20 Tcr_1373 succinyl-CoA synthetase, alpha subunit 3023 
S2 0 -0.4 0.4 22 Tcr_1373 succinyl-CoA synthetase, alpha subunit 3024 
M1 -0.4 -0.8 0.1 8 Tcr_1374 succinyl-CoA synthetase, beta subunit  3025 
M2 -0.2 -0.7 0.3 8 Tcr_1374 succinyl-CoA synthetase, beta subunit 3026 
S1 -0.2 -0.5 0.1 31 Tcr_1374 succinyl-CoA synthetase, beta subunit 3027 
S2 0 -0.3 0.2 28 Tcr_1374 succinyl-CoA synthetase, beta subunit 3028 
M1 0.2 -0.8 1.2 2 Tcr_1376 Peptidylprolyl isomerase, FKBP-type 3029 
S2 0.1 -0.6 0.8 5 Tcr_1376 Peptidylprolyl isomerase, FKBP-type 3030 
M1 0.5 0.3 0.8 25 Tcr_1381 sulfide-quinone reductase  3031 
M2 0.8 0.5 1.1 36 Tcr_1381 sulfide-quinone reductase 3032 
S1 0.6 0.3 0.9 29 Tcr_1381 sulfide-quinone reductase 3033 
S2 1 0.6 1.4 14 Tcr_1381 sulfide-quinone reductase 3034 
M1 -0.5 -1.2 0.1 7 Tcr_1382 two component transcriptional regulator, LuxR 3035 
family 3036 
M2 -0.4 -0.7 0 24 Tcr_1382 two component transcriptional regulator, LuxR 3037 
family 3038 
S1 -0.3 -0.5 -0.2 84 Tcr_1382 two component transcriptional regulator, LuxR 3039 
family 3040 
S2 -0.3 -0.5 -0.1 66 Tcr_1382 two component transcriptional regulator, LuxR 3041 
family 3042 
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M2 0.3 -0.8 1.4 2 Tcr_1383 Hpt sensor hybrid histidine kinase 3043 
S2 0.7 -0.6 2.1 2 Tcr_1383 Hpt sensor hybrid histidine kinase 3044 
M1 -0.2 -0.9 0.6 5 Tcr_1384 Fumarate lyase  3045 
M2 -4 -4.6 0.6 7 Tcr_1384 Fumarate lyase 3046 
S1 0.1 -0.2 0.4 20 Tcr_1384 Fumarate lyase 3047 
S2 0 -0.3 0.3 28 Tcr_1384 Fumarate lyase 3048 
M1 -0.1 -0.9 0.7 3 Tcr_1385 thioredoxin 3049 
M2 -0.6 -1.4 0.1 7 Tcr_1385 thioredoxin 3050 
S1 -0.2 -0.5 0.1 25 Tcr_1385 thioredoxin 3051 
S2 -0.5 -0.7 -0.2 18 Tcr_1385 thioredoxin 3052 
S1 -0.2 -1 0.7 3 Tcr_1386 CBS domain containing membrane protein  3053 
S2 -0.7 -1.4 0 7 Tcr_1386 CBS domain containing membrane protein  3054 
M1 0.5 0.2 0.7 39 Tcr_1387 Alkyl hydroperoxide reductase/ Thiol specific 3055 
antioxidant/ Mal allergen  3056 
M2 0.3 0 0.5 42 Tcr_1387 Alkyl hydroperoxide reductase/ Thiol specific 3057 
antioxidant/ Mal allergen  3058 
S1 0.7 0.5 0.9 75 Tcr_1387 Alkyl hydroperoxide reductase/ Thiol specific 3059 
antioxidant/ Mal allergen  3060 
S2 0.4 0.2 0.6 44 Tcr_1387 Alkyl hydroperoxide reductase/ Thiol specific 3061 
antioxidant/ Mal allergen  3062 
S1 -0.1 -0.9 0.7 4 Tcr_1389 6-pyruvoyl tetrahydropterin synthase and 3063 
hypothetical protein  3064 
M2 0.6 -0.2 1.5 2 Tcr_1392 hypothetical protein 3065 
S1 0.1 -0.6 0.8 6 Tcr_1392 hypothetical protein 3066 
S2 0.4 -0.4 1.1 2 Tcr_1392 hypothetical protein 3067 
S1 -0.1 -0.4 0.2 21 Tcr_1393 phospho-2-dehydro-3-deoxyheptonate aldolase 3068 
S2 0.1 -0.2 0.5 17 Tcr_1393 phospho-2-dehydro-3-deoxyheptonate aldolase 3069 
M1 -0.3 -1 0.5 3 Tcr_1395 thiamine-monophosphate kinase  3070 
S1 -0.1 -1.8 1.3 2 Tcr_1395 thiamine-monophosphate kinase  3071 
M1 0.6 -0.6 1.9 2 Tcr_1396 NusB antitermination factor  3072 
S1 0.1 -0.3 0.5 13 Tcr_1396 NusB antitermination factor  3073 
S2 0 -0.3 0.4 12 Tcr_1396 NusB antitermination factor  3074 
M1 -0.1 -0.4 0.1 26 Tcr_1397 Riboflavin synthase  3075 
M2 -0.2 -0.6 0.1 25 Tcr_1397 Riboflavin synthase 3076 
S1 0.3 0.1 0.6 48 Tcr_1397 Riboflavin synthase 3077 
S2 0.2 -0.1 0.5 37 Tcr_1397 Riboflavin synthase 3078 
M1 -0.2 -1 0.9 5 Tcr_1398 3,4-dihydroxy-2-butanone 4-phosphate synthase 3079 
M2 -0.1 -1.1 0.9 2 Tcr_1398 3,4-dihydroxy-2-butanone 4-phosphate synthase 3080 
S1 -0.2 -0.5 0.1 36 Tcr_1398 3,4-dihydroxy-2-butanone 4-phosphate synthase 3081 
S2 0 -0.3 0.3 33 Tcr_1398 3,4-dihydroxy-2-butanone 4-phosphate synthase 3082 
M1 0.3 -0.7 1.4 3 Tcr_1399 riboflavin synthase, alpha subunit 3083 
S1 0.5 -0.4 1.4 4 Tcr_1399 riboflavin synthase, alpha subunit 3084 
S2 0.2 -0.6 1 5 Tcr_1399 riboflavin synthase, alpha subunit 3085 
S2 -0.4 -1.5 0.6 6 Tcr_1400 riboflavin biosynthesis protein RibD  3086 
S1 -0.5 -1.6 0.5 2 Tcr_1401 Protein of unknown function DUF193 3087 
S2 -0.1 -1.2 1.1 2 Tcr_1401 Protein of unknown function DUF193 3088 
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M1 -0.2 -1.1 0.8 7 Tcr_1402 Glycine hydroxymethyltransferase 3089 
M2 0.4 -0.3 1 10 Tcr_1402 Glycine hydroxymethyltransferase 3090 
S1 0 -0.2 0.2 102 Tcr_1402 Glycine hydroxymethyltransferase 3091 
S2 0.1 0 0.3 74 Tcr_1402 Glycine hydroxymethyltransferase 3092 
M1 -0.2 -0.4 0.1 32 Tcr_1403 ABC transporter related 3093 
M2 0.1 -0.1 0.4 57 Tcr_1403 ABC transporter related 3094 
S1 0.1 -0.1 0.3 70 Tcr_1403 ABC transporter related 3095 
S2 0.2 0 0.4 65 Tcr_1403 ABC transporter related 3096 
M1 0 -0.5 0.4 7 Tcr_1404 diguanylate cyclase (GGDEF domain) with 3097 
PAS/PAC sensor 3098 
M2 0.4 -0.1 0.9 8 Tcr_1404 diguanylate cyclase (GGDEF domain) with 3099 
PAS/PAC sensor 3100 
S1 0.2 0 0.4 50 Tcr_1404 diguanylate cyclase (GGDEF domain) with 3101 
PAS/PAC sensor 3102 
S2 0.1 -0.2 0.3 40 Tcr_1404 diguanylate cyclase (GGDEF domain) with 3103 
PAS/PAC sensor 3104 
M1 2.9 -1.1 3.4 2 Tcr_1405 ferric uptake regulator, FUR family 3105 
M2 0.7 -5.1 1.7 4 Tcr_1405 ferric uptake regulator, FUR family 3106 
S1 -0.2 -0.6 0.2 23 Tcr_1405 ferric uptake regulator, FUR family 3107 
S2 0 -0.7 0.7 9 Tcr_1405 ferric uptake regulator, FUR family 3108 
M2 -1.3 -2 -0.7 5 Tcr_1416 TRAP dicarboxylate transporter- DctP subunit 3109 
S1 -2.2 -6.7 -1.2 2 Tcr_1416 TRAP dicarboxylate transporter- DctP subunit 3110 
M1 -3.4 -6.9 -2.7 4 Tcr_1417 hypothetical protein  3111 
M2 -2 -6.9 -0.8 2 Tcr_1417 hypothetical protein  3112 
M1 -0.4 -1.5 0.6 2 Tcr_1418 transcriptional regulator, AsnC family  3113 
M2 -0.4 -1.4 0.5 2 Tcr_1418 transcriptional regulator, AsnC family 3114 
S1 -0.6 -1.7 0.4 3 Tcr_1418 transcriptional regulator, AsnC family 3115 
S2 -0.3 -1.1 0.5 5 Tcr_1418 transcriptional regulator, AsnC family 3116 
S2 -0.1 -1 0.9 2 Tcr_1419 hypothetical protein  3117 
S2 -0.2 -1.3 1 2 Tcr_1420 hypothetical protein  3118 
M2 -1.1 -1.8 -0.3 3 Tcr_1426 outer membrane protein, probably efflux family 3119 
M1 -0.5 -1.3 0.3 6 Tcr_1427 Secretion protein HlyD  3120 
M2 -0.9 -1.9 0.1 2 Tcr_1427 Secretion protein HlyD  3121 
S1 -0.7 -1.4 -0.1 2 Tcr_1427 Secretion protein HlyD  3122 
M1 -0.3 -1.3 0.8 3 Tcr_1428 Heavy metal efflux pump CzcA  3123 
M2 -1.2 -2.3 -0.2 2 Tcr_1428 Heavy metal efflux pump CzcA  3124 
M2 0.3 -0.4 0.9 10 Tcr_1431 Type III secretion system outer membrane O 3125 
protein  3126 
S1 0.2 -0.5 1 5 Tcr_1431 Type III secretion system outer membrane O 3127 
protein  3128 
M1 -0.5 -1 -0.1 14 Tcr_1432 flagellar motor switch protein FliM 3129 
M2 0.3 -0.2 0.7 14 Tcr_1432 flagellar motor switch protein FliM 3130 
S1 0.1 -0.6 0.8 6 Tcr_1432 flagellar motor switch protein FliM 3131 
S2 0.4 -0.2 0.9 9 Tcr_1432 flagellar motor switch protein FliM 3132 
M1 -0.1 -0.5 0.4 5 Tcr_1433 Flagellar basal body-associated protein FliL 3133 
M2 -0.3 -0.8 0.1 7 Tcr_1433 Flagellar basal body-associated protein FliL 3134 
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S1 -0.2 -1.1 0.6 2 Tcr_1433 Flagellar basal body-associated protein FliL  3135 
M1 0 -0.7 0.6 5 Tcr_1436 methyl-accepting chemotaxis sensory transducer 3136 
M2 0 -0.4 0.4 21 Tcr_1436 methyl-accepting chemotaxis sensory transducer 3137 
S2 0.9 -0.2 2.1 2 Tcr_1436 methyl-accepting chemotaxis sensory transducer 3138 
M1 -0.6 -1 -0.1 14 Tcr_1439 ATPase FliI/YscN  3139 
M2 -0.2 -0.6 0.3 14 Tcr_1439 ATPase FliI/YscN 3140 
S1 -0.2 -0.8 0.5 6 Tcr_1439 ATPase FliI/YscN 3141 
S2 -0.2 -0.7 0.4 8 Tcr_1439 ATPase FliI/YscN 3142 
S1 0.3 -0.4 1.1 5 Tcr_1440 Flagellar assembly protein FliH  3143 
S2 0.2 -0.4 0.8 5 Tcr_1440 Flagellar assembly protein FliH  3144 
M1 -0.3 -0.8 0.3 6 Tcr_1441 flagellar motor switch protein FliG 3145 
M2 0.4 -0.5 1 8 Tcr_1441 flagellar motor switch protein FliG 3146 
S1 0.2 -0.4 0.8 8 Tcr_1441 flagellar motor switch protein FliG 3147 
S2 0.2 -0.4 0.8 7 Tcr_1441 flagellar motor switch protein FliG 3148 
M1 -0.6 -1.3 0.1 6 Tcr_1442 flagellar M-ring protein FliF 3149 
M2 0.1 -0.9 0.7 8 Tcr_1442 flagellar M-ring protein FliF 3150 
S1 -0.5 -1.1 0.1 4 Tcr_1443 flagellar hook-basal body complex protein (FliE) 3151 
M1 -1 -1.4 -0.5 5 Tcr_1444 two component, sigma54 specific, transcriptional 3152 
regulator, Fis family 3153 
M2 -0.4 -0.8 0.1 16 Tcr_1444 two component, sigma54 specific, transcriptional 3154 
regulator, Fis family 3155 
S1 -0.4 -0.8 0.1 10 Tcr_1444 two component, sigma54 specific, transcriptional 3156 
regulator, Fis family 3157 
S2 -0.1 -0.9 1.8 6 Tcr_1444 two component, sigma54 specific, transcriptional 3158 
regulator, Fis family 3159 
M1 -0.5 -0.8 -0.1 14 Tcr_1445 PAS/PAC sensor signal transduction histidine 3160 
kinase  3161 
M2 -0.2 -0.6 0.2 18 Tcr_1445 PAS/PAC sensor signal transduction histidine 3162 
kinase  3163 
S1 -0.6 -1 -0.2 15 Tcr_1445 PAS/PAC sensor signal transduction histidine 3164 
kinase  3165 
S2 -0.4 -0.9 0.1 13 Tcr_1445 PAS/PAC sensor signal transduction histidine 3166 
kinase  3167 
M1 -0.5 -0.8 -0.2 11 Tcr_1446 sigma54 specific transcriptional regulator, Fis 3168 
family  3169 
M2 -0.6 -0.9 -0.3 23 Tcr_1446 sigma54 specific transcriptional regulator, Fis 3170 
family  3171 
S1 -0.6 -1 -0.2 13 Tcr_1446 sigma54 specific transcriptional regulator, Fis 3172 
family  3173 
S2 -0.4 -0.7 -0.1 18 Tcr_1446 sigma54 specific transcriptional regulator, Fis 3174 
family  3175 
S1 -0.2 -0.8 0.3 3 Tcr_1447 hypothetical protein 3176 
S2 0 -0.5 0.6 9 Tcr_1447 hypothetical protein 3177 
M1 -0.8 -1.2 -0.4 11 Tcr_1449 Flagellar hook-associated 2-like 3178 
M2 -0.3 -0.8 0.2 15 Tcr_1449 Flagellar hook-associated 2-like 3179 
S1 -0.3 -0.8 0.1 14 Tcr_1449 Flagellar hook-associated 2-like 3180 
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S2 -0.1 -0.5 0.3 13 Tcr_1449 Flagellar hook-associated 2-like 3181 
M1 -1 -1.1 -0.8 145 Tcr_1452 Flagellin-like  3182 
M2 -0.5 -0.7 -0.4 282 Tcr_1452 Flagellin-like 3183 
S1 -0.7 -0.9 -0.5 75 Tcr_1452 Flagellin-like 3184 
S2 -0.3 -0.5 -0.1 69 Tcr_1452 Flagellin-like 3185 
M1 -1.1 -1.3 -1 113 Tcr_1453 Flagellin-like 3186 
M2 -0.6 -0.8 -0.5 229 Tcr_1453 Flagellin-like 3187 
S1 -0.9 -1.2 -0.5 23 Tcr_1453 Flagellin-like 3188 
S2 -0.2 -0.6 0.1 26 Tcr_1453 Flagellin-like 3189 
M1 -0.3 -0.8 0.3 5 Tcr_1454 Protein of unknown function DUF115 3190 
M2 -0.1 -0.9 0.7 6 Tcr_1454 Protein of unknown function DUF115 3191 
S1 -0.3 -0.9 0.3 5 Tcr_1454 Protein of unknown function DUF115 3192 
S2 0 -0.9 1 2 Tcr_1454 Protein of unknown function DUF115 3193 
M1 -0.5 -1 0 4 Tcr_1456 Nucleotidyl transferase 3194 
M2 -0.2 -0.7 0.3 6 Tcr_1456 Nucleotidyl transferase 3195 
S1 -0.2 -0.8 0.5 6 Tcr_1456 Nucleotidyl transferase 3196 
S2 0 -0.7 0.8 3 Tcr_1456 Nucleotidyl transferase 3197 
M2 -0.3 -1 0.5 4 Tcr_1457 UDP-N-acetylglucosamine 2-epimerase 3198 
S1 -0.1 -1.3 0.9 6 Tcr_1457 UDP-N-acetylglucosamine 2-epimerase 3199 
S2 -0.3 -0.9 0.2 7 Tcr_1457 UDP-N-acetylglucosamine 2-epimerase 3200 
M2 -0.9 -2.1 0.2 3 Tcr_1458 N-acylneuraminate-9-phosphate synthase 3201 
S2 -0.1 -0.9 0.6 4 Tcr_1458 N-acylneuraminate-9-phosphate synthase 3202 
S1 -0.2 -1 0.5 3 Tcr_1461 DegT/DnrJ/EryC1/StrS aminotransferase  3203 
S2 0.4 -0.3 1 6 Tcr_1461 DegT/DnrJ/EryC1/StrS aminotransferase  3204 
S1 -0.4 -0.8 0 14 Tcr_1462 NAD-dependent epimerase/dehydratase  3205 
S2 -0.1 -0.5 0.4 8 Tcr_1462 NAD-dependent epimerase/dehydratase  3206 
M1 -1.1 -1.5 -0.6 6 Tcr_1464 Flagellin-like  3207 
M2 -0.6 -1 -0.2 16 Tcr_1464 Flagellin-like 3208 
S1 -0.2 -1.3 0.8 2 Tcr_1464 Flagellin-like 3209 
S2 -0.3 -0.9 0.4 5 Tcr_1464 Flagellin-like 3210 
M1 -1.6 -6.9 -0.7 4 Tcr_1465 Protein of unknown function DUF1078 3211 
M2 -0.9 -1.5 -0.3 13 Tcr_1465 Protein of unknown function DUF1078 3212 
S1 -0.4 -1.2 0.4 5 Tcr_1465 Protein of unknown function DUF1078 3213 
S2 0.1 -0.6 0.8 7 Tcr_1465 Protein of unknown function DUF1078 3214 
M1 -0.6 -1.1 0 6 Tcr_1467 Flagellar P-ring protein 3215 
M2 -0.7 -1.2 -0.1 7 Tcr_1467 Flagellar P-ring protein 3216 
M1 -0.6 -1.4 0.2 2 Tcr_1468 Flagellar L-ring protein 3217 
M1 -1 -1.2 -0.9 57 Tcr_1471 hypothetical protein 3218 
M2 -0.5 -0.7 -0.4 151 Tcr_1471 hypothetical protein 3219 
S1 0.2 -0.4 0.8 7 Tcr_1471 hypothetical protein 3220 
S2 0 -0.5 0.4 14 Tcr_1471 hypothetical protein 3221 
S1 0.6 -0.6 1.9 2 Tcr_1472 Flagellar hook capping protein 3222 
M1 -0.4 -0.9 0.2 9 Tcr_1475 hypothetical protein 3223 
M2 -0.1 -0.5 0.4 13 Tcr_1475 hypothetical protein 3224 
S1 0.1 -0.5 0.7 8 Tcr_1475 hypothetical protein 3225 
S2 0.2 -0.3 0.8 13 Tcr_1475 hypothetical protein 3226 
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M1 -0.1 -0.4 0.2 16 Tcr_1476 response regulator receiver (CheY-like) 3227 
modulated CheW protein  3228 
M2 0 -0.4 0.4 15 Tcr_1476 response regulator receiver (CheY-like) 3229 
modulated CheW protein  3230 
S1 0.2 -0.2 0.6 13 Tcr_1476 response regulator receiver (CheY-like) 3231 
modulated CheW protein  3232 
S2 0.2 -0.2 0.6 14 Tcr_1476 response regulator receiver (CheY-like) 3233 
modulated CheW protein  3234 
M1 -0.5 -1.4 0.3 3 Tcr_1477 Flageller protein FlgA 3235 
M2 -0.6 -1.5 0.2 3 Tcr_1477 Flageller protein FlgA 3236 
S2 -0.1 -1.4 1.1 2 Tcr_1477 Flageller protein FlgA 3237 
S1 -0.1 -0.5 0.2 13 Tcr_1478 anti-sigma-28 factor, FlgM 3238 
S2 0.1 -0.3 0.4 14 Tcr_1478 anti-sigma-28 factor, FlgM 3239 
S1 -0.9 -1.4 -0.5 19 Tcr_1479 FlgN  3240 
S2 -0.2 -0.6 0.2 22 Tcr_1479 FlgN  3241 
M1 0 -0.3 0.4 12 Tcr_1480 hypothetical protein  3242 
M2 0.3 -0.1 0.6 19 Tcr_1480 hypothetical protein 3243 
S1 0.2 -0.1 0.5 17 Tcr_1480 hypothetical protein 3244 
S2 0.1 -0.3 0.6 14 Tcr_1480 hypothetical protein 3245 
M1 -0.6 -1 -0.3 10 Tcr_1482 hypothetical protein 3246 
M2 -0.4 -0.8 -0.1 22 Tcr_1482 hypothetical protein 3247 
S2 0 -1.4 1.4 2 Tcr_1482 hypothetical protein 3248 
M1 -0.9 -1.3 -0.5 12 Tcr_1483 hypothetical protein 3249 
M2 -0.3 -0.8 0.2 13 Tcr_1483 hypothetical protein 3250 
M2 -0.6 -1.6 0.4 2 Tcr_1484 hypothetical protein 3251 
S1 -0.9 -1.9 0.4 3 Tcr_1484 hypothetical protein 3252 
S2 -0.6 -1.4 0.2 5 Tcr_1484 hypothetical protein 3253 
S1 -0.8 -1.3 -0.4 9 Tcr_1485 neutral zinc metallopeptidase, zinc-binding site 3254 
S2 -0.7 -1.1 -0.2 11 Tcr_1485 neutral zinc metallopeptidase, zinc-binding site 3255 
M1 0.5 0.2 0.7 39 Tcr_1486 OmpA/MotB 3256 
M2 0.2 0 0.4 125 Tcr_1486 OmpA/MotB 3257 
S1 0.3 0.1 0.6 58 Tcr_1486 OmpA/MotB 3258 
S2 0.1 -0.2 0.3 53 Tcr_1486 OmpA/MotB 3259 
M1 -1.4 -6.9 -0.3 2 Tcr_1487 transcriptional regulator, Crp/Fnr family 3260 
M1 -0.1 -0.9 0.8 3 Tcr_1488 PfkB 3261 
M2 -0.2 -1.4 1 3 Tcr_1488 PfkB 3262 
S1 -0.1 -0.6 0.3 12 Tcr_1488 PfkB 3263 
S2 0.1 -0.4 0.5 11 Tcr_1488 PfkB 3264 
M1 -0.8 -1.2 -0.3 5 Tcr_1489 RNA methyltransferase TrmH, group 3 3265 
M2 -0.6 -1 -0.1 10 Tcr_1489 RNA methyltransferase TrmH, group 3 3266 
S1 -1.5 -6.7 -0.5 4 Tcr_1489 RNA methyltransferase TrmH, group 3 3267 
S2 -0.9 -1.7 -0.2 4 Tcr_1489 RNA methyltransferase TrmH, group 3 3268 
M1 -0.3 -0.6 0 33 Tcr_1490 Ribonuclease R 3269 
M2 -0.2 -0.4 0.1 52 Tcr_1490 Ribonuclease R 3270 
S1 0.1 -0.8 0.9 10 Tcr_1490 Ribonuclease R 3271 
S2 -0.4 -1.2 0.4 7 Tcr_1490 Ribonuclease R 3272 
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S1 -0.3 -0.8 0.2 11 Tcr_1491 FAD-dependent pyridine nucleotide-disulphide 3273 
oxidoreductase 3274 
S2 0 -0.5 0.5 11 Tcr_1491 FAD-dependent pyridine nucleotide-disulphide 3275 
oxidoreductase 3276 
S1 0.1 -2.7 1.1 3 Tcr_1493 Thiamine biosynthesis protein  3277 
S2 -0.9 -1.8 0.1 2 Tcr_1493 Thiamine biosynthesis protein  3278 
M1 -0.3 -1.2 0.6 3 Tcr_1494 putative signal transduction protein  3279 
M2 0.1 -1 1.2 2 Tcr_1494 putative signal transduction protein  3280 
S1 0.1 -1.3 1.5 2 Tcr_1494 putative signal transduction protein  3281 
M1 0 -0.2 0.2 29 Tcr_1495 Inositol phosphatase/fructose-1,6-bisphosphatase 3282 
M2 0 -0.2 0.2 69 Tcr_1495 Inositol phosphatase/fructose-1,6-bisphosphatase 3283 
S1 0 -0.1 0.2 151 Tcr_1495 Inositol phosphatase/fructose-1,6-bisphosphatase 3284 
S2 0.1 -0.1 0.3 102 Tcr_1495 Inositol phosphatase/fructose-1,6-bisphosphatase 3285 
M2 0.2 -0.6 0.9 5 Tcr_1496 Inorganic diphosphatase  3286 
S1 0.3 0 0.6 28 Tcr_1496 Inorganic diphosphatase  3287 
S2 0.3 -0.1 0.8 13 Tcr_1496 Inorganic diphosphatase  3288 
S1 0.2 -0.2 0.7 11 Tcr_1497 Glutamate-ammonia-ligase adenylyltransferase  3289 
S2 0.2 -0.5 0.9 6 Tcr_1497 Glutamate-ammonia-ligase adenylyltransferase  3290 
M1 -6.9 -6.9 -5 40 Tcr_1499 nitrogen regulatory protein P-II (GlnB, GlnK)  3291 
M2 -5.8 -6 -5.6 55 Tcr_1499 nitrogen regulatory protein P-II (GlnB, GlnK) 3292 
S1 -6.7 -6.7 -6.3 53 Tcr_1499 nitrogen regulatory protein P-II (GlnB, GlnK) 3293 
S2 -5.3 -5.6 -5 40 Tcr_1499 nitrogen regulatory protein P-II (GlnB, GlnK) 3294 
M1 -2.4 -6.9 -0.1 5 Tcr_1502 Flagellin-like 3295 
M2 0.6 -0.1 1.3 8 Tcr_1502 Flagellin-like 3296 
S1 -0.4 -0.8 0 21 Tcr_1502 Flagellin-like 3297 
S2 0.1 -0.2 0.4 27 Tcr_1502 Flagellin-like 3298 
M1 -0.4 -0.8 0 13 Tcr_1503 valyl-tRNA synthetase 3299 
M2 -0.1 -0.4 0.2 28 Tcr_1503 valyl-tRNA synthetase 3300 
S1 -0.2 -0.5 0.1 37 Tcr_1503 valyl-tRNA synthetase 3301 
S2 -0.1 -0.4 0.2 38 Tcr_1503 valyl-tRNA synthetase 3302 
M1 0.2 -0.3 0.6 12 Tcr_1504 SH3-like region  3303 
M2 0.2 -0.1 0.6 19 Tcr_1504 SH3-like region  3304 
M2 0.3 -0.6 1.3 3 Tcr_1505 membrane protein-like 3305 
M1 -0.1 -0.7 0.6 6 Tcr_1506 ribonuclease, Rne/Rng family 3306 
M2 -0.2 -1.2 0.8 5 Tcr_1506 ribonuclease, Rne/Rng family 3307 
S1 0 -0.4 0.3 22 Tcr_1506 ribonuclease, Rne/Rng family 3308 
S2 0.2 -0.2 0.5 21 Tcr_1506 ribonuclease, Rne/Rng family 3309 
M1 -0.8 -1.9 0.2 2 Tcr_1507 maf protein 3310 
S1 -0.1 -0.8 0.6 3 Tcr_1507 maf protein 3311 
S2 0.2 -0.6 1.1 3 Tcr_1507 maf protein 3312 
S1 1.6 0.9 2.3 6 Tcr_1508 hypothetical protein  3313 
S1 0 -0.4 0.5 13 Tcr_1509 NAD-dependent epimerase/dehydratase  3314 
S2 0.2 -0.3 0.7 12 Tcr_1509 NAD-dependent epimerase/dehydratase  3315 
M1 -0.4 -0.7 0 20 Tcr_1510 UDP-glucose/GDP-mannose dehydrogenase 3316 
M2 -0.1 -0.3 0.2 42 Tcr_1510 UDP-glucose/GDP-mannose dehydrogenase 3317 
S1 -0.3 -0.9 0.2 12 Tcr_1510 UDP-glucose/GDP-mannose dehydrogenase 3318 
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S2 0.2 -0.3 0.6 17 Tcr_1510 UDP-glucose/GDP-mannose dehydrogenase 3319 
M1 -0.2 -1 0.6 3 Tcr_1512 hypothetical protein  3320 
M2 0 -0.8 0.7 4 Tcr_1512 hypothetical protein 3321 
S2 0.3 -0.9 1.4 2 Tcr_1512 hypothetical protein 3322 
M1 -0.2 -1.3 0.9 4 Tcr_1513 hypothetical protein 3323 
M1 0.2 -0.5 0.9 4 Tcr_1514 Capsule polysaccharide biosynthesis  3324 
M1 0 -0.4 0.4 11 Tcr_1517 ADP-L-glycero-D-manno-heptose-6-epimerase 3325 
M2 0.4 0 0.8 16 Tcr_1517 ADP-L-glycero-D-manno-heptose-6-epimerase 3326 
S1 0.1 -0.2 0.4 33 Tcr_1517 ADP-L-glycero-D-manno-heptose-6-epimerase 3327 
S2 0.1 -0.2 0.4 28 Tcr_1517 ADP-L-glycero-D-manno-heptose-6-epimerase 3328 
M1 -0.5 -1.4 0.4 2 Tcr_1518 protein tyrosine/serine phosphatase  3329 
M2 -0.5 -1.5 0.5 2 Tcr_1518 protein tyrosine/serine phosphatase  3330 
M1 0.5 -0.3 1.3 6 Tcr_1519 Lipid A export ATP-binding/permease protein 3331 
MsbA 3332 
M2 0.7 -0.6 2.1 2 Tcr_1519 Lipid A export ATP-binding/permease protein 3333 
MsbA 3334 
M1 0 -1 1.1 3 Tcr_1520 lipid A biosynthesis acyltransferase 3335 
M2 -0.1 -1.3 1.1 2 Tcr_1520 lipid A biosynthesis acyltransferase 3336 
M1 0.1 -0.6 0.8 11 Tcr_1521 Phosphoenolpyruvate carboxylase 3337 
M2 -0.5 -1 0 10 Tcr_1521 Phosphoenolpyruvate carboxylase 3338 
S1 -0.1 -0.3 0.1 71 Tcr_1521 Phosphoenolpyruvate carboxylase 3339 
S2 -0.1 -0.4 0.1 43 Tcr_1521 Phosphoenolpyruvate carboxylase 3340 
S1 3.1 1.1 7.3 4 Tcr_1524 MotA/TolQ/ExbB proton channel  3341 
S2 1.6 0.2 7.2 2 Tcr_1524 MotA/TolQ/ExbB proton channel  3342 
M1 0 -0.9 0.9 3 Tcr_1525 pantoate-beta-alanine ligase 3343 
S1 0 -0.7 0.7 6 Tcr_1525 pantoate-beta-alanine ligase 3344 
S2 0 -0.6 0.6 5 Tcr_1525 pantoate-beta-alanine ligase 3345 
S1 -0.2 -0.6 0.1 13 Tcr_1526 3-methyl-2-oxobutanoate 3346 
hydroxymethyltransferase 3347 
S2 -0.7 -1.2 -0.2 17 Tcr_1526 3-methyl-2-oxobutanoate 3348 
hydroxymethyltransferase 3349 
S1 -0.4 -1 0.2 5 Tcr_1527 2-amino-4-hydroxy-6- 3350 
hydroxymethyldihydropteridine pyrophosphokinase 3351 
S2 0 -0.5 0.5 6 Tcr_1527 2-amino-4-hydroxy-6- 3352 
hydroxymethyldihydropteridine pyrophosphokinase 3353 
M1 -0.6 -1.1 -0.2 11 Tcr_1528 poly(A) polymerase 3354 
M2 0 -0.6 0.5 13 Tcr_1528 poly(A) polymerase 3355 
S1 -0.1 -0.9 0.6 6 Tcr_1528 poly(A) polymerase 3356 
S2 -0.1 -0.8 0.5 6 Tcr_1528 poly(A) polymerase 3357 
M1 0 -0.3 0.4 17 Tcr_1529 Rhodanese-like 3358 
M2 1.8 1.6 2.1 19 Tcr_1529 Rhodanese-like 3359 
S1 0.4 0 0.8 13 Tcr_1529 Rhodanese-like 3360 
S2 1.4 0.6 2.2 5 Tcr_1529 Rhodanese-like 3361 
S1 -0.4 -0.8 0 15 Tcr_1530 tryptophanyl-tRNA synthetase 3362 
S2 -0.1 -0.8 0.4 8 Tcr_1530 tryptophanyl-tRNA synthetase 3363 
M1 -1.3 -1.7 -1 18 Tcr_1531 Secretion protein HlyD  3364 
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M2 -1.5 -1.7 -1.2 25 Tcr_1531 Secretion protein HlyD  3365 
M1 -1.7 -2.1 -1.3 13 Tcr_1532 Hydrophobe/amphiphile efflux-1 HAE1 3366 
M2 -1.3 -1.7 -0.9 13 Tcr_1532 Hydrophobe/amphiphile efflux-1 HAE1 3367 
S1 -1 -1.6 -0.3 3 Tcr_1534 Protein of unknown function DUF1255  3368 
S1 -0.1 -0.5 0.4 13 Tcr_1536 Glyoxalase I  3369 
S2 -0.3 -0.8 0.1 14 Tcr_1536 Glyoxalase I  3370 
S1 -0.1 -0.4 0.2 26 Tcr_1538 chorismate synthase  3371 
S2 -0.1 -0.3 0.2 22 Tcr_1538 chorismate synthase 3372 
S1 -0.6 -1.1 -0.1 4 Tcr_1540 hypothetical protein 3373 
M1 -0.4 -1.4 0.6 2 Tcr_1541 Aldo/keto reductase 3374 
M2 0.2 -1 1.3 2 Tcr_1541 Aldo/keto reductase 3375 
S1 -0.3 -0.6 -0.1 19 Tcr_1541 Aldo/keto reductase 3376 
S2 -0.3 -0.5 0 22 Tcr_1541 Aldo/keto reductase 3377 
M1 -0.6 -1.1 0.3 10 Tcr_1544 hypothetical protein 3378 
M2 -0.2 -1.2 0.8 4 Tcr_1544 hypothetical protein 3379 
S2 0.2 -1 1.4 3 Tcr_1544 hypothetical protein 3380 
S2 -0.9 -1.9 0 2 Tcr_1545 Carbonate dehydratase  3381 
M1 0.1 -0.7 1.3 6 Tcr_1546 modification methylase, HemK family 3382 
M2 4.5 3.9 5.1 8 Tcr_1546 modification methylase, HemK family 3383 
S1 0.5 0 1.1 6 Tcr_1546 modification methylase, HemK family 3384 
S2 0.7 -0.5 1.8 3 Tcr_1546 modification methylase, HemK family 3385 
S1 0.1 -0.3 0.5 24 Tcr_1547 Molybdopterin binding domain 3386 
S2 0.2 -0.2 0.6 17 Tcr_1547 Molybdopterin binding domain 3387 
M1 0.3 -0.1 0.7 13 Tcr_1548 ATP-dependent protease La 3388 
M2 0.5 0 1 15 Tcr_1548 ATP-dependent protease La 3389 
S1 0.6 -0.2 1.5 3 Tcr_1548 ATP-dependent protease La 3390 
M1 -0.2 -0.3 0 156 Tcr_1549 Sulfate thiol esterase 3391 
M2 0 -0.1 0.1 229 Tcr_1549 Sulfate thiol esterase 3392 
S1 -0.1 -0.2 0.1 256 Tcr_1549 Sulfate thiol esterase 3393 
S2 0.1 0 0.3 183 Tcr_1549 Sulfate thiol esterase 3394 
M1 0.5 0 0.9 16 Tcr_1550 phosphoribosylformylglycinamidine synthase 3395 
M2 0.1 -0.4 0.5 18 Tcr_1550 phosphoribosylformylglycinamidine synthase 3396 
S1 0.2 0 0.4 116 Tcr_1550 phosphoribosylformylglycinamidine synthase 3397 
S2 0 -0.2 0.2 109 Tcr_1550 phosphoribosylformylglycinamidine synthase 3398 
M1 0.5 -0.1 1.1 10 Tcr_1551 hypothetical protein 3399 
M2 0.4 -0.1 0.9 9 Tcr_1551 hypothetical protein 3400 
S1 0.1 -0.8 1 4 Tcr_1551 hypothetical protein 3401 
S2 0.3 -0.6 1.2 4 Tcr_1551 hypothetical protein 3402 
M1 0.3 -0.3 0.9 5 Tcr_1552 dihydrodipicolinate synthase 3403 
M2 0.1 -0.6 0.7 4 Tcr_1552 dihydrodipicolinate synthase 3404 
S1 -0.1 -0.3 0.2 49 Tcr_1552 dihydrodipicolinate synthase 3405 
S2 -0.1 -0.3 0.2 49 Tcr_1552 dihydrodipicolinate synthase 3406 
M1 -0.1 -0.8 0.6 3 Tcr_1553 Alkyl hydroperoxide reductase/ Thiol specific 3407 
antioxidant/ Mal allergen  3408 
M2 0 -0.9 0.8 3 Tcr_1553 Alkyl hydroperoxide reductase/ Thiol specific 3409 
antioxidant/ Mal allergen  3410 
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S1 -0.5 -0.8 -0.2 23 Tcr_1553 Alkyl hydroperoxide reductase/ Thiol specific 3411 
antioxidant/ Mal allergen  3412 
S2 0 -0.4 0.3 25 Tcr_1553 Alkyl hydroperoxide reductase/ Thiol specific 3413 
antioxidant/ Mal allergen  3414 
M1 -0.4 -0.8 0 17 Tcr_1554 PhoH-like protein 3415 
M2 0.2 -0.1 0.4 32 Tcr_1554 PhoH-like protein 3416 
S1 -0.3 -0.6 0.1 28 Tcr_1554 PhoH-like protein 3417 
S2 0.2 -0.1 0.6 16 Tcr_1554 PhoH-like protein 3418 
M1 -0.5 -0.8 -0.1 13 Tcr_1555 transcriptional regulator, LysR family  3419 
M2 -0.4 -0.7 -0.1 27 Tcr_1555 transcriptional regulator, LysR family  3420 
S1 -0.1 -0.4 0.1 48 Tcr_1555 transcriptional regulator, LysR family  3421 
S2 -0.1 -0.4 0.2 30 Tcr_1555 transcriptional regulator, LysR family  3422 
M1 -0.2 -1.1 0.7 2 Tcr_1557 Ubiquinone biosynthesis hydroxylase, 3423 
UbiH/UbiF/VisC/COQ6 family 3424 
M2 0.1 -0.8 1 3 Tcr_1557 Ubiquinone biosynthesis hydroxylase, 3425 
UbiH/UbiF/VisC/COQ6 family 3426 
S1 -0.2 -1 0.5 4 Tcr_1557 Ubiquinone biosynthesis hydroxylase, 3427 
UbiH/UbiF/VisC/COQ6 family 3428 
S2 0 -0.8 0.8 4 Tcr_1557 Ubiquinone biosynthesis hydroxylase, 3429 
UbiH/UbiF/VisC/COQ6 family 3430 
M1 -0.1 -0.8 0.6 3 Tcr_1558 Ubiquinone biosynthesis hydroxylase, 3431 
UbiH/UbiF/VisC/COQ6 family 3432 
M2 0.2 -0.4 0.7 9 Tcr_1558 Ubiquinone biosynthesis hydroxylase, 3433 
UbiH/UbiF/VisC/COQ6 family 3434 
S1 0.2 -0.6 0.9 5 Tcr_1558 Ubiquinone biosynthesis hydroxylase, 3435 
UbiH/UbiF/VisC/COQ6 family 3436 
M2 -0.9 -2.1 0.3 2 Tcr_1559 Peptidase M24 3437 
S1 0.1 -0.3 0.6 13 Tcr_1559 Peptidase M24 3438 
S2 0 -0.5 0.4 14 Tcr_1559 Peptidase M24 3439 
S1 0.3 -1.1 1.6 2 Tcr_1560 YgfB and YecA  3440 
M1 -0.1 -0.6 0.4 3 Tcr_1561 hypothetical protein 3441 
M2 -0.1 -1.4 1.1 2 Tcr_1561 hypothetical protein 3442 
S1 -0.1 -1.2 0.9 3 Tcr_1561 hypothetical protein 3443 
S2 -0.2 -0.9 0.5 8 Tcr_1561 hypothetical protein 3444 
S2 0.1 -0.9 1.1 2 Tcr_1562 5-formyltetrahydrofolate cyclo-ligase 3445 
M1 -0.2 -0.9 0.6 4 Tcr_1563 threonine dehydratase, biosynthetic  3446 
M2 0 -0.7 0.6 4 Tcr_1563 threonine dehydratase, biosynthetic 3447 
S1 0 -0.3 0.4 21 Tcr_1563 threonine dehydratase, biosynthetic 3448 
S2 0.2 -0.1 0.6 17 Tcr_1563 threonine dehydratase, biosynthetic 3449 
M1 2.5 2 3 7 Tcr_1564 TonB-dependent receptor  3450 
M1 0.2 -0.5 0.8 5 Tcr_1566 Protein of unknown function DUF461 3451 
M2 0.3 -0.3 0.9 7 Tcr_1566 Protein of unknown function DUF461 3452 
S1 0.2 -0.1 0.6 23 Tcr_1566 Protein of unknown function DUF461 3453 
S2 0.5 0.1 0.9 18 Tcr_1566 Protein of unknown function DUF461 3454 
S1 0.7 -0.1 1.5 4 Tcr_1567 hypothetical protein  3455 
S2 0.8 0.3 1.3 3 Tcr_1567 hypothetical protein  3456 
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M1 0.3 -0.5 1.1 3 Tcr_1568 ribose 5-phosphate isomerase 3457 
S1 0.2 0 0.4 30 Tcr_1568 ribose 5-phosphate isomerase 3458 
S2 0 -0.4 0.4 28 Tcr_1568 ribose 5-phosphate isomerase 3459 
M2 0 -0.6 0.5 9 Tcr_1569 putative thioredoxin  3460 
M1 -0.2 -0.7 0.3 8 Tcr_1570 glutamate-1-semialdehyde-2,1-aminomutase 3461 
M2 0 -0.5 0.6 12 Tcr_1570 glutamate-1-semialdehyde-2,1-aminomutase 3462 
S1 -0.2 -0.5 0.1 28 Tcr_1570 glutamate-1-semialdehyde-2,1-aminomutase 3463 
S2 -0.1 -0.4 0.2 24 Tcr_1570 glutamate-1-semialdehyde-2,1-aminomutase 3464 
M1 0 -0.7 0.6 8 Tcr_1573 Copper-resistance protein CopA  3465 
M2 2 1.6 2.4 13 Tcr_1573 Copper-resistance protein CopA  3466 
S2 1.6 1 2.3 4 Tcr_1573 Copper-resistance protein CopA  3467 
M1 -0.9 -1.7 -0.2 2 Tcr_1576 Bilirubin oxidase  3468 
M2 0.3 -1.1 1.4 3 Tcr_1576 Bilirubin oxidase 3469 
S1 -0.6 -1.5 0.1 6 Tcr_1576 Bilirubin oxidase 3470 
S2 0.2 -0.5 1 3 Tcr_1576 Bilirubin oxidase 3471 
M1 -0.9 -2 0.2 2 Tcr_1578 hypothetical protein 3472 
M2 0.7 -0.1 1.4 4 Tcr_1578 hypothetical protein 3473 
M1 -0.1 -0.9 0.7 6 Tcr_1580 hypothetical protein 3474 
M2 -0.8 -1.2 -0.3 10 Tcr_1580 hypothetical protein 3475 
S1 -0.6 -1.5 0.2 4 Tcr_1580 hypothetical protein 3476 
S2 -1.2 -2.4 -0.1 3 Tcr_1580 hypothetical protein 3477 
S1 0 -0.4 0.4 9 Tcr_1581 UDP-N-acetylmuramate  3478 
S2 0.3 -0.4 1.1 4 Tcr_1581 UDP-N-acetylmuramate  3479 
M1 0.2 -0.6 1.1 3 Tcr_1583 Phosphofructokinase  3480 
S1 -0.5 -1.7 0.6 5 Tcr_1583 Phosphofructokinase  3481 
S2 1.2 0 1.7 8 Tcr_1583 Phosphofructokinase  3482 
M1 0.4 -0.3 1.1 3 Tcr_1584 MscS Mechanosensitive ion channel 3483 
M2 -0.2 -0.9 0.6 4 Tcr_1584 MscS Mechanosensitive ion channel 3484 
M1 0 -0.4 0.4 17 Tcr_1589 aspartate kinase  3485 
M2 -0.4 -0.9 0 14 Tcr_1589 aspartate kinase 3486 
S1 0.1 -0.2 0.4 28 Tcr_1589 aspartate kinase 3487 
S2 0.3 -0.1 0.7 19 Tcr_1589 aspartate kinase 3488 
M1 0.2 -0.3 0.7 8 Tcr_1590 alanyl-tRNA synthetase 3489 
M2 -0.4 -0.9 0.2 15 Tcr_1590 alanyl-tRNA synthetase 3490 
S1 0.2 0 0.4 91 Tcr_1590 alanyl-tRNA synthetase 3491 
S2 -0.2 -0.4 -0.1 88 Tcr_1590 alanyl-tRNA synthetase 3492 
S1 0.1 -1 1.2 2 Tcr_1591 Regulatory protein RecX 3493 
S2 0.2 -0.8 1.2 2 Tcr_1591 Regulatory protein RecX 3494 
M1 0.1 -0.1 0.3 65 Tcr_1592 recA protein  3495 
M2 0 -0.1 0.2 111 Tcr_1592 recA protein 3496 
S1 0.3 0.1 0.5 64 Tcr_1592 recA protein 3497 
S2 0.1 -0.1 0.3 54 Tcr_1592 recA protein 3498 
M1 -0.8 -2.1 0.5 2 Tcr_1593 CinA-like 3499 
S1 0.1 -0.6 0.8 4 Tcr_1593 CinA-like 3500 
M1 -0.4 -0.9 0 14 Tcr_1594 DNA mismatch repair protein MutS 3501 
M2 -0.3 -0.7 0.1 23 Tcr_1594 DNA mismatch repair protein MutS 3502 
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S1 -0.2 -0.8 0.4 10 Tcr_1594 DNA mismatch repair protein MutS 3503 
S2 0 -0.7 0.8 7 Tcr_1594 DNA mismatch repair protein MutS 3504 
S1 0.3 -0.6 1 6 Tcr_1595 thioredoxin  3505 
S2 0 -0.9 0.8 9 Tcr_1595 thioredoxin  3506 
S1 -1.3 -2.5 0.2 3 Tcr_1596 hypothetical protein  3507 
S2 -0.6 -1.6 0.3 3 Tcr_1596 hypothetical protein  3508 
M1 0.3 -0.2 0.8 11 Tcr_1597 Glutathione synthase  3509 
M2 -0.2 -0.8 0.3 14 Tcr_1597 Glutathione synthase 3510 
S1 0.1 -0.3 0.4 25 Tcr_1597 Glutathione synthase 3511 
S2 0.3 -0.1 0.7 22 Tcr_1597 Glutathione synthase 3512 
S1 0.5 -0.7 1.8 2 Tcr_1598 PpiC-type peptidyl-prolyl cis-trans isomerase 3513 
M1 0.4 -0.7 1.4 3 Tcr_1605 hypothetical protein  3514 
M2 -0.3 -1 0.5 3 Tcr_1605 hypothetical protein  3515 
M1 -0.4 -1.1 0.3 5 Tcr_1606 ABC transporter related  3516 
M2 -0.1 -0.7 0.5 6 Tcr_1606 ABC transporter related 3517 
S1 -0.6 -1.2 0 7 Tcr_1606 ABC transporter related 3518 
S2 -0.8 -1.3 0 9 Tcr_1606 ABC transporter related 3519 
M1 0.2 -0.1 0.4 40 Tcr_1609 Heat shock protein Hsp90 3520 
M2 0.4 0.2 0.6 89 Tcr_1609 Heat shock protein Hsp90 3521 
S1 0.5 0.3 0.7 86 Tcr_1609 Heat shock protein Hsp90 3522 
S2 0.5 0.3 0.8 75 Tcr_1609 Heat shock protein Hsp90 3523 
M1 0.8 0.6 1 21 Tcr_1610 hypothetical protein 3524 
M2 1.8 1.6 2 35 Tcr_1610 hypothetical protein 3525 
S1 1.2 1.1 1.4 84 Tcr_1610 hypothetical protein 3526 
S2 2.2 2 2.3 64 Tcr_1610 hypothetical protein 3527 
M1 1.1 -0.2 2.3 2 Tcr_1611 hypothetical protein 3528 
S1 1 -0.5 1.9 6 Tcr_1611 hypothetical protein 3529 
S2 -0.2 -0.8 0.5 7 Tcr_1611 hypothetical protein 3530 
M1 0 -0.2 0.3 41 Tcr_1612 CheA signal transduction histidine kinase 3531 
M2 0.2 0 0.4 57 Tcr_1612 CheA signal transduction histidine kinase 3532 
S1 0.3 0.1 0.4 90 Tcr_1612 CheA signal transduction histidine kinase 3533 
S2 0.2 0 0.4 72 Tcr_1612 CheA signal transduction histidine kinase 3534 
M1 -0.1 -0.9 0.6 4 Tcr_1613 CheD, stimulates methylation of MCP proteins 3535 
M2 -0.3 -0.8 0.3 13 Tcr_1613 CheD, stimulates methylation of MCP proteins 3536 
S1 -0.1 -0.7 0.5 5 Tcr_1613 CheD, stimulates methylation of MCP proteins 3537 
S2 0.2 -0.9 1.4 2 Tcr_1613 CheD, stimulates methylation of MCP proteins 3538 
S1 0 -1 0.9 3 Tcr_1614 Cytidine/deoxycytidylate deaminase, zinc-3539 
binding region 3540 
M1 0.1 -0.6 0.9 9 Tcr_1615 GMP synthase 3541 
M2 -0.3 -0.7 0.2 15 Tcr_1615 GMP synthase 3542 
S1 -0.1 -0.3 0.1 80 Tcr_1615 GMP synthase 3543 
S2 -0.2 -0.4 0 63 Tcr_1615 GMP synthase 3544 
M1 -0.1 -0.4 0.1 24 Tcr_1616 inosine-5'-monophosphate dehydrogenase 3545 
M2 -0.1 -0.4 0.1 41 Tcr_1616 inosine-5'-monophosphate dehydrogenase 3546 
S1 0.1 0 0.3 141 Tcr_1616 inosine-5'-monophosphate dehydrogenase 3547 
S2 0 -0.2 0.1 118 Tcr_1616 inosine-5'-monophosphate dehydrogenase 3548 
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M1 0.7 0.4 1 24 Tcr_1617 hypothetical protein 3549 
M2 0.5 0.2 0.8 19 Tcr_1617 hypothetical protein 3550 
S1 1.1 0.6 1.7 9 Tcr_1617 hypothetical protein 3551 
S2 0.5 -2.1 1.1 6 Tcr_1617 hypothetical protein 3552 
S1 -0.3 -0.8 0.2 11 Tcr_1620 phosphoserine phosphatase SerB 3553 
S2 -0.4 -1 0.1 9 Tcr_1620 phosphoserine phosphatase SerB 3554 
M1 -0.4 -0.7 -0.2 24 Tcr_1621 Beta-lactamase-like  3555 
M2 0 -0.2 0.3 31 Tcr_1621 Beta-lactamase-like 3556 
S1 -0.1 -0.2 0.1 79 Tcr_1621 Beta-lactamase-like 3557 
S2 0.4 0.2 0.6 66 Tcr_1621 Beta-lactamase-like 3558 
M1 -0.5 -1.1 0.2 6 Tcr_1626 Peptidase M48, Ste24p  3559 
M2 0.1 -0.5 0.6 12 Tcr_1626 Peptidase M48, Ste24p  3560 
M1 -0.7 -1.4 0.2 7 Tcr_1627 glutamyl-tRNA(Gln) amidotransferase, B 3561 
subunit 3562 
M2 0 -0.4 0.4 14 Tcr_1627 glutamyl-tRNA(Gln) amidotransferase, B 3563 
subunit 3564 
S1 -0.2 -0.4 0.1 71 Tcr_1627 glutamyl-tRNA(Gln) amidotransferase, B 3565 
subunit 3566 
S2 -0.1 -0.3 0.1 72 Tcr_1627 glutamyl-tRNA(Gln) amidotransferase, B 3567 
subunit 3568 
M1 -0.8 -1.4 -0.3 6 Tcr_1628 glutamyl-tRNA(Gln) amidotransferase, A 3569 
subunit 3570 
M2 -0.3 -0.9 0.3 9 Tcr_1628 glutamyl-tRNA(Gln) amidotransferase, A 3571 
subunit 3572 
S1 -0.1 -0.4 0.1 54 Tcr_1628 glutamyl-tRNA(Gln) amidotransferase, A 3573 
subunit 3574 
S2 -0.1 -0.3 0.2 50 Tcr_1628 glutamyl-tRNA(Gln) amidotransferase, A 3575 
subunit 3576 
M2 0 -0.9 0.8 3 Tcr_1629 glutamyl-tRNA(Gln) amidotransferase, C 3577 
subunit 3578 
S1 0 -0.5 0.5 13 Tcr_1629 glutamyl-tRNA(Gln) amidotransferase, C 3579 
subunit 3580 
S2 -0.1 -0.6 0.3 14 Tcr_1629 glutamyl-tRNA(Gln) amidotransferase, C 3581 
subunit 3582 
M1 -0.2 -0.4 0 71 Tcr_1630 cell shape determining protein, MreB/Mrl family 3583 
M2 0 -0.2 0.2 103 Tcr_1630 cell shape determining protein, MreB/Mrl family 3584 
S1 -0.1 -0.3 0.2 45 Tcr_1630 cell shape determining protein, MreB/Mrl family 3585 
S2 0 -0.3 0.2 41 Tcr_1630 cell shape determining protein, MreB/Mrl family 3586 
M1 0.3 -0.6 1.1 2 Tcr_1631 rod shape-determining protein MreC  3587 
M2 0.2 -0.6 0.9 5 Tcr_1631 rod shape-determining protein MreC  3588 
M1 0.3 0 0.6 15 Tcr_1635 Serine-type D-Ala-D-Ala carboxypeptidase  3589 
M2 0.2 -0.2 0.6 21 Tcr_1635 Serine-type D-Ala-D-Ala carboxypeptidase  3590 
M1 -0.1 -1.1 0.9 4 Tcr_1636 Aminotransferase, class IV  3591 
M2 -0.2 -1 0.5 5 Tcr_1636 Aminotransferase, class IV 3592 
S1 0 -0.5 0.5 12 Tcr_1636 Aminotransferase, class IV 3593 
S2 -0.1 -0.6 0.4 14 Tcr_1636 Aminotransferase, class IV 3594 
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S1 -0.3 -1.1 0.5 6 Tcr_1637 Protein of unknown function DUF493 3595 
S2 -1.3 -2.4 -0.5 3 Tcr_1637 Protein of unknown function DUF493 3596 
M1 -0.4 -1.6 0.7 2 Tcr_1638 lipoate-protein ligase B  3597 
S2 -0.5 -1.6 0.6 2 Tcr_1640 hypothetical protein  3598 
M1 -0.4 -0.9 0.1 7 Tcr_1646 TniB  3599 
M2 -0.3 -1.2 0.5 4 Tcr_1646 TniB  3600 
S2 -0.8 -2.1 0.5 2 Tcr_1649 Hsp33 protein  3601 
M1 0.3 -0.6 1.2 3 Tcr_1650 Protein of unknown function DUF328 3602 
M2 -0.2 -1.3 1 3 Tcr_1650 Protein of unknown function DUF328 3603 
S1 0.2 -0.2 0.7 15 Tcr_1650 Protein of unknown function DUF328 3604 
S2 0.2 -0.2 0.6 15 Tcr_1650 Protein of unknown function DUF328 3605 
S1 -1.1 -1.8 -0.4 6 Tcr_1651 hypothetical protein  3606 
S1 -0.4 -1 0.1 12 Tcr_1653 Aminoglycoside phosphotransferase  3607 
S2 -0.1 -0.6 0.4 11 Tcr_1653 Aminoglycoside phosphotransferase  3608 
M1 0.3 -0.4 1 5 Tcr_1654 Organic solvent tolerance protein  3609 
M2 0.2 -0.5 0.8 6 Tcr_1654 Organic solvent tolerance protein  3610 
M1 -0.3 -0.9 0.3 4 Tcr_1655 PpiC-type peptidyl-prolyl cis-trans isomerase 3611 
M2 -0.1 -0.5 0.4 8 Tcr_1655 PpiC-type peptidyl-prolyl cis-trans isomerase 3612 
S1 -0.7 -1.1 -0.3 7 Tcr_1655 PpiC-type peptidyl-prolyl cis-trans isomerase 3613 
S2 -0.6 -1.3 0.1 6 Tcr_1655 PpiC-type peptidyl-prolyl cis-trans isomerase 3614 
S1 -0.6 -1.2 0.1 7 Tcr_1656 4-hydroxythreonine-4-phosphate dehydrogenase 3615 
M2 -0.4 -1.5 0.6 2 Tcr_1657 dimethyladenosine transferase  3616 
S2 -0.2 -1.2 0.8 2 Tcr_1657 dimethyladenosine transferase  3617 
M1 0 -0.3 0.4 12 Tcr_1660 transcriptional regulator, MerR family  3618 
M2 0 -0.5 0.4 10 Tcr_1660 transcriptional regulator, MerR family 3619 
S1 0 -0.6 0.6 9 Tcr_1660 transcriptional regulator, MerR family 3620 
S2 -0.1 -0.7 0.5 8 Tcr_1660 transcriptional regulator, MerR family 3621 
M2 0.1 -0.9 1.2 3 Tcr_1661 integration host factor, alpha subunit 3622 
S1 -0.2 -0.6 0.2 13 Tcr_1661 integration host factor, alpha subunit 3623 
S2 0.1 -0.3 0.5 11 Tcr_1661 integration host factor, alpha subunit 3624 
M1 0 -0.3 0.4 26 Tcr_1662 phenylalanyl-tRNA synthetase, beta subunit 3625 
M2 -0.4 -0.7 -0.1 29 Tcr_1662 phenylalanyl-tRNA synthetase, beta subunit 3626 
S1 0 -0.3 0.2 71 Tcr_1662 phenylalanyl-tRNA synthetase, beta subunit 3627 
S2 -0.3 -0.6 -0.1 57 Tcr_1662 phenylalanyl-tRNA synthetase, beta subunit 3628 
M1 -0.3 -0.6 0 12 Tcr_1663 phenylalanyl-tRNA synthetase, alpha subunit 3629 
M2 -0.5 -0.8 -0.2 25 Tcr_1663 phenylalanyl-tRNA synthetase, alpha subunit 3630 
S1 -0.1 -0.3 0.1 34 Tcr_1663 phenylalanyl-tRNA synthetase, alpha subunit 3631 
S2 -0.4 -0.6 -0.1 33 Tcr_1663 phenylalanyl-tRNA synthetase, alpha subunit 3632 
M1 0 -0.3 0.2 54 Tcr_1664 ribosomal protein L20 3633 
M2 0.1 -0.1 0.3 54 Tcr_1664 ribosomal protein L20 3634 
S1 -0.1 -0.4 0.3 21 Tcr_1664 ribosomal protein L20 3635 
S2 0.2 0 0.5 24 Tcr_1664 ribosomal protein L20 3636 
M1 0 -0.4 0.4 7 Tcr_1665 ribosomal protein L35 3637 
M2 0.2 -0.1 0.6 16 Tcr_1665 ribosomal protein L35 3638 
S1 0.2 -0.4 0.8 6 Tcr_1665 ribosomal protein L35 3639 
S2 0.1 -0.5 0.7 3 Tcr_1665 ribosomal protein L35 3640 
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M1 -0.3 -0.8 0.2 4 Tcr_1666 Initiation factor 3 3641 
M2 -0.3 -1.2 0.5 5 Tcr_1666 Initiation factor 3 3642 
S1 0 -0.8 0.7 6 Tcr_1666 Initiation factor 3 3643 
S2 -0.4 -0.9 0.1 7 Tcr_1666 Initiation factor 3 3644 
M1 -0.2 -0.6 0.1 29 Tcr_1667 threonyl-tRNA synthetase 3645 
M2 -0.5 -0.8 -0.3 52 Tcr_1667 threonyl-tRNA synthetase 3646 
S1 -0.1 -0.4 0.1 48 Tcr_1667 threonyl-tRNA synthetase 3647 
S2 -0.1 -0.4 0.2 39 Tcr_1667 threonyl-tRNA synthetase 3648 
S1 -1.2 -2.1 -0.3 3 Tcr_1668 Rhodanese-like  3649 
M1 -0.1 -0.9 0.8 3 Tcr_1670 putative signal transduction protein 3650 
M2 0.8 -0.1 1.6 3 Tcr_1670 putative signal transduction protein 3651 
S1 0 -0.8 0.9 3 Tcr_1670 putative signal transduction protein 3652 
S2 0.8 0.1 1.5 5 Tcr_1670 putative signal transduction protein 3653 
M1 0.2 -0.4 0.8 5 Tcr_1671 Protein-L-isoaspartate(D-aspartate) O-3654 
methyltransferase 3655 
M2 0.1 -0.6 0.8 5 Tcr_1671 Protein-L-isoaspartate(D-aspartate) O-3656 
methyltransferase 3657 
S1 0.1 -0.2 0.4 41 Tcr_1671 Protein-L-isoaspartate(D-aspartate) O-3658 
methyltransferase 3659 
S2 0.3 0 0.6 36 Tcr_1671 Protein-L-isoaspartate(D-aspartate) O-3660 
methyltransferase 3661 
M1 -0.2 -1 0.6 3 Tcr_1674 Lipopolysaccharide biosynthesis 3662 
M2 -0.3 -0.7 0.2 11 Tcr_1674 Lipopolysaccharide biosynthesis 3663 
M1 0 -0.9 0.9 3 Tcr_1675 Undecaprenyl-phosphate 3664 
galactosephosphotransferase 3665 
M2 0.1 -0.8 1 3 Tcr_1675 Undecaprenyl-phosphate 3666 
galactosephosphotransferase 3667 
M1 -0.8 -1.1 -0.4 6 Tcr_1677 Phosphomannomutase 3668 
M2 -0.9 -1.3 -0.5 11 Tcr_1677 Phosphomannomutase 3669 
S1 -0.3 -0.6 0.1 19 Tcr_1677 Phosphomannomutase 3670 
S2 0 -0.3 0.4 18 Tcr_1677 Phosphomannomutase 3671 
M1 -0.1 -0.5 0.3 15 Tcr_1678 Mannose-1-phosphate 3672 
guanylyltransferase/mannose-6-phosphate isomerase 3673 
M2 0 -0.4 0.4 21 Tcr_1678 Mannose-1-phosphate 3674 
guanylyltransferase/mannose-6-phosphate isomerase 3675 
S1 0 -0.3 0.3 29 Tcr_1678 Mannose-1-phosphate 3676 
guanylyltransferase/mannose-6-phosphate isomerase 3677 
S2 0.1 -0.2 0.3 28 Tcr_1678 Mannose-1-phosphate 3678 
guanylyltransferase/mannose-6-phosphate isomerase 3679 
S1 -0.4 -1.3 0.5 4 Tcr_1679 NAD-dependent epimerase/dehydratase 3680 
S2 -0.5 -1.5 0.7 3 Tcr_1679 NAD-dependent epimerase/dehydratase 3681 
M2 -0.1 -0.9 0.7 3 Tcr_1680 GDP-mannose 4,6-dehydratase 3682 
S1 -0.3 -0.5 -0.1 49 Tcr_1680 GDP-mannose 4,6-dehydratase 3683 
S2 -0.3 -0.6 0 29 Tcr_1680 GDP-mannose 4,6-dehydratase 3684 
M1 0 -0.8 0.8 2 Tcr_1681 Glycosyl transferase, group 1 3685 
M2 0.3 -0.7 1.3 3 Tcr_1681 Glycosyl transferase, group 1 3686 
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S1 -0.2 -0.6 0.3 10 Tcr_1686 dTDP-4-dehydrorhamnose 3,5-epimerase 3687 
S2 -0.2 -0.7 0.3 11 Tcr_1686 dTDP-4-dehydrorhamnose 3,5-epimerase 3688 
M1 -0.2 -1.3 0.9 2 Tcr_1687 NAD-dependent epimerase/dehydratase 3689 
M2 0.7 -0.3 1.7 5 Tcr_1687 NAD-dependent epimerase/dehydratase 3690 
S1 0.4 -0.2 0.9 11 Tcr_1687 NAD-dependent epimerase/dehydratase 3691 
S2 0 -0.7 0.6 8 Tcr_1687 NAD-dependent epimerase/dehydratase 3692 
M1 1.1 0.6 1.5 10 Tcr_1688 DegT/DnrJ/EryC1/StrS aminotransferase 3693 
M2 0.3 0 0.7 16 Tcr_1688 DegT/DnrJ/EryC1/StrS aminotransferase 3694 
S1 0.2 0 0.4 79 Tcr_1688 DegT/DnrJ/EryC1/StrS aminotransferase 3695 
S2 0.1 -0.1 0.3 57 Tcr_1688 DegT/DnrJ/EryC1/StrS aminotransferase 3696 
M2 0.5 -0.4 1.4 4 Tcr_1689 NAD-dependent epimerase/dehydratase 3697 
S1 0.2 0 0.5 35 Tcr_1689 NAD-dependent epimerase/dehydratase 3698 
S2 0.3 -0.1 0.6 25 Tcr_1689 NAD-dependent epimerase/dehydratase 3699 
M1 -0.1 -0.8 0.6 6 Tcr_1690 Nucleotidyl transferase 3700 
M2 -3.6 -6.9 -0.2 3 Tcr_1690 Nucleotidyl transferase 3701 
S1 0.1 -0.2 0.4 36 Tcr_1690 Nucleotidyl transferase 3702 
S2 -0.2 -0.5 0.2 22 Tcr_1690 Nucleotidyl transferase 3703 
S1 -1 -6.7 -0.1 4 Tcr_1691 oxidoreductase FAD-binding region 3704 
S2 -0.3 -0.8 0.2 3 Tcr_1691 oxidoreductase FAD-binding region 3705 
M1 -0.1 -0.4 0.2 35 Tcr_1692 glucosamine--fructose-6-phosphate 3706 
aminotransferase, isomerizing 3707 
M2 -0.1 -0.4 0.2 52 Tcr_1692 glucosamine--fructose-6-phosphate 3708 
aminotransferase, isomerizing 3709 
S1 0.1 -0.2 0.5 24 Tcr_1692 glucosamine--fructose-6-phosphate 3710 
aminotransferase, isomerizing 3711 
S2 0 -0.3 0.4 21 Tcr_1692 glucosamine--fructose-6-phosphate 3712 
aminotransferase, isomerizing 3713 
M1 -0.5 -1.1 0 4 Tcr_1693 hypothetical protein 3714 
M2 0.2 -0.8 1.2 2 Tcr_1693 hypothetical protein 3715 
S2 -0.5 -1.6 0.7 2 Tcr_1693 hypothetical protein 3716 
M1 0.5 -0.1 1.1 4 Tcr_1694 Putative lipoprotein-like 3717 
M2 0.5 -0.2 1.1 8 Tcr_1694 Putative lipoprotein-like 3718 
S2 -0.4 -1.2 0.4 3 Tcr_1694 Putative lipoprotein-like 3719 
M1 -0.1 -0.7 0.6 6 Tcr_1697 UvrD/REP helicase 3720 
M2 -0.4 -1.3 0.6 3 Tcr_1697 UvrD/REP helicase 3721 
S1 0 -0.7 0.7 4 Tcr_1697 UvrD/REP helicase 3722 
S2 -0.1 -0.7 0.4 9 Tcr_1697 UvrD/REP helicase 3723 
M1 -0.3 -1.2 0.6 2 Tcr_1698 Inactivated superfamily I helicase-like 3724 
S2 -0.6 -1.5 0.6 3 Tcr_1698 Inactivated superfamily I helicase-like 3725 
M1 0 -0.8 0.9 5 Tcr_1700 Beta-lactamase-like 3726 
M2 0.7 -0.1 1.5 5 Tcr_1700 Beta-lactamase-like 3727 
S2 0.8 -0.1 1.7 3 Tcr_1700 Beta-lactamase-like 3728 
M1 0.5 -0.1 1.1 10 Tcr_1703 Acriflavin resistance protein 3729 
M2 0.2 -0.3 0.8 11 Tcr_1703 Acriflavin resistance protein 3730 
M1 0 -0.8 0.7 5 Tcr_1704 Secretion protein HlyD  3731 
M2 0.9 0.1 1.7 4 Tcr_1704 Secretion protein HlyD  3732 
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S1 0.1 -0.8 0.9 3 Tcr_1704 Secretion protein HlyD 3733 
S2 0.4 -0.5 1.2 4 Tcr_1704 Secretion protein HlyD 3734 
M1 0.1 -0.8 1 3 Tcr_1707 Protein of unknown function DUF45 3735 
M2 -0.4 -1.6 0.8 2 Tcr_1707 Protein of unknown function DUF45 3736 
M1 -0.1 -0.8 0.6 5 Tcr_1709 2-oxoglutarate synthase  3737 
M2 -0.6 -1.5 0.4 3 Tcr_1709 2-oxoglutarate synthase 3738 
S1 -0.5 -1.1 0.1 6 Tcr_1709 2-oxoglutarate synthase 3739 
S2 0 -0.8 0.8 5 Tcr_1709 2-oxoglutarate synthase 3740 
M1 -0.6 -1.3 0.2 3 Tcr_1710 2-oxoacid:acceptor oxidoreductase, beta subunit, 3741 
pyruvate/2-ketoisovalerate 3742 
M2 0.1 -5.6 1.2 4 Tcr_1710 2-oxoacid:acceptor oxidoreductase, beta subunit, 3743 
pyruvate/2-ketoisovalerate 3744 
S1 -0.3 -1.1 0.4 5 Tcr_1710 2-oxoacid:acceptor oxidoreductase, beta subunit, 3745 
pyruvate/2-ketoisovalerate 3746 
M1 -1.3 -6.9 0 5 Tcr_1714 UspA 3747 
M2 -0.1 -0.7 0.5 11 Tcr_1714 UspA 3748 
S1 -0.4 -1.4 0.6 2 Tcr_1714 UspA 3749 
S2 -0.4 -1.1 0.4 3 Tcr_1714 UspA 3750 
M1 -1.3 -2 -0.6 4 Tcr_1715 Gamma-glutamyltransferase 3751 
S2 -2.8 -3.4 1.3 3 Tcr_1715 Gamma-glutamyltransferase 3752 
S1 0.3 0 0.6 25 Tcr_1716 PpiC-type peptidyl-prolyl cis-trans isomerase 3753 
S2 0.3 -0.1 0.8 17 Tcr_1716 PpiC-type peptidyl-prolyl cis-trans isomerase 3754 
M1 0.4 -0.5 1.4 2 Tcr_1717 Hydroxymethylglutaryl-CoA reductase 3755 
(NADPH) 3756 
S1 -0.2 -0.5 0.1 9 Tcr_1717 Hydroxymethylglutaryl-CoA reductase 3757 
(NADPH) 3758 
S2 -0.5 -1.1 0.1 10 Tcr_1717 Hydroxymethylglutaryl-CoA reductase 3759 
(NADPH)  3760 
M1 0.1 -0.8 1.1 2 Tcr_1718 Isopentenyl-diphosphate delta-isomerase, FMN-3761 
dependent  3762 
S1 0.1 -0.5 0.7 6 Tcr_1718 Isopentenyl-diphosphate delta-isomerase, FMN-3763 
dependent  3764 
S2 0.1 -0.7 0.8 3 Tcr_1718 Isopentenyl-diphosphate delta-isomerase, FMN-3765 
dependent  3766 
M1 -0.2 -1.2 0.8 2 Tcr_1719 Hydroxymethylglutaryl-coenzyme A synthase 3767 
S1 0.1 -0.4 0.6 9 Tcr_1719 Hydroxymethylglutaryl-coenzyme A synthase 3768 
S2 0.2 -0.7 1.1 5 Tcr_1719 Hydroxymethylglutaryl-coenzyme A synthase 3769 
M1 1 0.4 1.6 4 Tcr_1721 hypothetical protein  3770 
M2 1.7 1.2 2.2 5 Tcr_1721 hypothetical protein  3771 
M2 0.6 -0.6 1.8 2 Tcr_1727 type II and III secretion system protein  3772 
M1 1.1 -0.1 2.7 2 Tcr_1728 Flp pilus assembly CpaB  3773 
M1 -0.3 -0.4 -0.1 74 Tcr_1731 Protein of unknown function DUF336  3774 
M2 0.3 0.1 0.5 120 Tcr_1731 Protein of unknown function DUF336 3775 
S1 0.2 0.1 0.3 167 Tcr_1731 Protein of unknown function DUF336 3776 
S2 0.5 0.3 0.6 116 Tcr_1731 Protein of unknown function DUF336 3777 
S1 -1.1 -2 -0.2 2 Tcr_1732 GHMP kinase 3778 
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S1 0 -0.6 0.6 4 Tcr_1734 diphosphomevalonate decarboxylase 3779 
S2 0 -1 0.9 3 Tcr_1734 diphosphomevalonate decarboxylase 3780 
M1 0 -0.4 0.4 5 Tcr_1738 Stringent starvation protein B  3781 
M2 -0.2 -0.8 0.3 7 Tcr_1738 Stringent starvation protein B  3782 
S1 -0.2 -0.8 0.3 8 Tcr_1738 Stringent starvation protein B  3783 
S2 -0.1 -0.5 0.3 10 Tcr_1738 Stringent starvation protein B  3784 
M1 0.6 -0.2 1.3 4 Tcr_1739 Glutathione S-transferase-like 3785 
M2 0.4 -0.9 1.5 3 Tcr_1739 Glutathione S-transferase-like 3786 
S1 -0.2 -0.5 0 38 Tcr_1739 Glutathione S-transferase-like 3787 
S2 -0.3 -0.5 -0.1 43 Tcr_1739 Glutathione S-transferase-like 3788 
S1 -0.2 -0.6 0.3 9 Tcr_1741 translation elongation factor P 3789 
S2 0.1 -0.3 0.5 9 Tcr_1741 translation elongation factor P 3790 
M1 0.4 -0.1 1 6 Tcr_1745 Glycosyl transferase, family 9 3791 
M2 0.2 -0.3 0.8 6 Tcr_1745 Glycosyl transferase, family 9 3792 
M1 0.2 -0.2 0.5 16 Tcr_1748 Leucyl aminopeptidase 3793 
M2 0.3 -0.2 0.9 13 Tcr_1748 Leucyl aminopeptidase 3794 
S1 0.1 -0.1 0.3 104 Tcr_1748 Leucyl aminopeptidase 3795 
S2 0.1 -0.1 0.4 74 Tcr_1748 Leucyl aminopeptidase 3796 
M1 -0.1 -0.5 0.4 10 Tcr_1750 twitching motility protein 3797 
M2 0 -0.6 0.6 6 Tcr_1750 twitching motility protein 3798 
S1 0 -0.4 0.5 9 Tcr_1750 twitching motility protein 3799 
S2 -0.1 -1 0.7 5 Tcr_1750 twitching motility protein 3800 
M1 -1 -1.9 -0.2 3 Tcr_1751 Peptidase M14, carboxypeptidase A 3801 
M1 -0.1 -0.7 0.5 6 Tcr_1752 ErfK/YbiS/YcfS/YnhG  3802 
M2 -0.1 -0.7 0.5 8 Tcr_1752 ErfK/YbiS/YcfS/YnhG 3803 
S1 0.2 -0.9 1.3 2 Tcr_1752 ErfK/YbiS/YcfS/YnhG 3804 
S2 -0.2 -1.1 0.7 4 Tcr_1752 ErfK/YbiS/YcfS/YnhG 3805 
M1 0 -0.7 0.7 5 Tcr_1753 hypothetical protein 3806 
M2 -0.2 -0.6 0.2 10 Tcr_1753 hypothetical protein 3807 
S1 0.1 -0.5 0.8 4 Tcr_1753 hypothetical protein 3808 
S2 0 -0.6 0.5 6 Tcr_1753 hypothetical protein 3809 
M1 -0.1 -0.7 0.4 7 Tcr_1754 excinuclease ABC, B subunit 3810 
M2 -0.1 -0.6 0.4 9 Tcr_1754 excinuclease ABC, B subunit 3811 
S1 0.1 -0.6 0.9 5 Tcr_1754 excinuclease ABC, B subunit 3812 
S2 0.2 -0.4 0.8 4 Tcr_1754 excinuclease ABC, B subunit 3813 
M1 0.1 -0.3 0.5 11 Tcr_1755 Aminotransferase, class I and II 3814 
M2 -0.1 -0.6 0.4 14 Tcr_1755 Aminotransferase, class I and II 3815 
S1 -0.1 -0.3 0.1 57 Tcr_1755 Aminotransferase, class I and II 3816 
S2 -0.1 -0.3 0.1 50 Tcr_1755 Aminotransferase, class I and II 3817 
S1 -0.3 -1 0.5 4 Tcr_1757 HAD-superfamily hydrolase subfamily IA, 3818 
variant 3 3819 
S2 0 -0.6 0.6 4 Tcr_1757 HAD-superfamily hydrolase subfamily IA, 3820 
variant 3 3821 
S1 0.2 -0.9 1.3 2 Tcr_1758 Thiopurine S-methyltransferase 3822 
S2 0.4 -0.9 1.9 3 Tcr_1758 Thiopurine S-methyltransferase 3823 
M1 -0.8 -1.4 -0.2 3 Tcr_1761 ABC transporter related  3824 
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M2 -0.5 -1 0.1 9 Tcr_1761 ABC transporter related 3825 
S1 0.2 -0.7 1.2 5 Tcr_1761 ABC transporter related 3826 
S2 -0.1 -0.8 0.7 3 Tcr_1761 ABC transporter related 3827 
M1 0.3 -0.4 1 2 Tcr_1763 Ribonucleoside-diphosphate reductase 3828 
M2 0.6 0 1.3 3 Tcr_1763 Ribonucleoside-diphosphate reductase 3829 
S1 0.5 0.1 0.9 14 Tcr_1763 Ribonucleoside-diphosphate reductase 3830 
S2 0.6 0.1 1.1 11 Tcr_1763 Ribonucleoside-diphosphate reductase 3831 
M1 -0.2 -1 0.6 3 Tcr_1766 hypothetical protein 3832 
M2 -0.1 -0.5 0.4 12 Tcr_1766 hypothetical protein 3833 
S2 0.3 -1.1 1.7 2 Tcr_1766 hypothetical protein 3834 
M1 -0.4 -1.4 1.4 4 Tcr_1767 hypothetical protein 3835 
M2 0.3 -0.5 1.2 6 Tcr_1767 hypothetical protein 3836 
S1 0.2 -1 4.3 3 Tcr_1767 hypothetical protein 3837 
M1 0.1 -0.7 0.9 4 Tcr_1768 Glutathione synthase/Ribosomal protein S6 3838 
modification enzyme (glutaminyl transferase)-like 3839 
M2 0.4 -0.5 1.4 4 Tcr_1768 Glutathione synthase/Ribosomal protein S6 3840 
modification enzyme (glutaminyl transferase)-like 3841 
S2 -0.2 -1.1 0.7 5 Tcr_1769 HPr kinase  3842 
M2 2 0.7 7.1 2 Tcr_1771 sigma-24 (FecI-like)  3843 
M1 0.4 -0.4 1.2 6 Tcr_1773 diguanylate cyclase/phosphodiesterase (GGDEF 3844 
& EAL domains) 3845 
M2 1.1 0.3 2 6 Tcr_1773 diguanylate cyclase/phosphodiesterase (GGDEF 3846 
& EAL domains) 3847 
M1 -0.2 -0.8 0.5 6 Tcr_1775 Protein of unknown function DUF692 3848 
M2 0.4 -0.2 1 6 Tcr_1775 Protein of unknown function DUF692 3849 
S1 -0.5 -0.8 0 17 Tcr_1775 Protein of unknown function DUF692 3850 
S2 0.2 -0.3 0.8 10 Tcr_1775 Protein of unknown function DUF692 3851 
M1 0.4 0.1 0.6 40 Tcr_1777 Outer membrane efflux protein 3852 
M2 1.1 0.8 1.3 63 Tcr_1777 Outer membrane efflux protein 3853 
S1 0.1 -0.4 0.6 10 Tcr_1777 Outer membrane efflux protein 3854 
S2 0.4 -0.1 0.9 14 Tcr_1777 Outer membrane efflux protein 3855 
M1 0.1 -0.1 0.3 69 Tcr_1778 Heavy metal efflux pump CzcA 3856 
M2 1 0.8 1.1 81 Tcr_1778 Heavy metal efflux pump CzcA 3857 
S1 0 -0.6 0.5 8 Tcr_1778 Heavy metal efflux pump CzcA 3858 
S2 0.8 -0.1 1.7 5 Tcr_1778 Heavy metal efflux pump CzcA 3859 
M1 0.1 -0.1 0.3 36 Tcr_1779 Secretion protein HlyD 3860 
M2 0.9 0.7 1.1 52 Tcr_1779 Secretion protein HlyD 3861 
S1 0.1 -0.2 0.5 21 Tcr_1779 Secretion protein HlyD 3862 
S2 1.5 1.2 1.9 16 Tcr_1779 Secretion protein HlyD 3863 
M1 0 -0.7 0.6 4 Tcr_1780 DJ-1 3864 
M2 0.4 -0.4 1.2 4 Tcr_1780 DJ-1 3865 
S2 0.3 -0.8 1.4 3 Tcr_1780 DJ-1 3866 
M1 -0.1 -0.3 0.2 36 Tcr_1781 carboxyl-terminal protease 3867 
M2 0.1 -0.1 0.4 51 Tcr_1781 carboxyl-terminal protease 3868 
S1 -0.3 -0.6 0 34 Tcr_1781 carboxyl-terminal protease 3869 
S2 0 -0.4 0.4 19 Tcr_1781 carboxyl-terminal protease 3870 
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M1 0.1 -0.2 0.4 9 Tcr_1782 transcriptional regulator, ArsR family 3871 
M2 0.5 0 0.9 13 Tcr_1782 transcriptional regulator, ArsR family 3872 
S1 0.1 -0.1 0.4 28 Tcr_1782 transcriptional regulator, ArsR family 3873 
S2 0.3 0 0.6 19 Tcr_1782 transcriptional regulator, ArsR family 3874 
S1 -0.6 -1 -0.1 4 Tcr_1783 hypothetical protein  3875 
S2 0 -0.6 0.6 6 Tcr_1783 hypothetical protein  3876 
M1 0 -0.4 0.4 14 Tcr_1785 Histone deacetylase superfamily  3877 
M2 0.6 0.1 1 18 Tcr_1785 Histone deacetylase superfamily 3878 
S1 0.1 -0.1 0.4 28 Tcr_1785 Histone deacetylase superfamily 3879 
S2 0.7 0.4 1 26 Tcr_1785 Histone deacetylase superfamily 3880 
M1 0.2 -0.5 0.8 4 Tcr_1786 Amidohydrolase 2 3881 
M2 0.9 0.1 1.6 3 Tcr_1786 Amidohydrolase 2 3882 
S1 0.7 -0.3 1.7 4 Tcr_1786 Amidohydrolase 2 3883 
S2 1 0.3 1.7 4 Tcr_1786 Amidohydrolase 2 3884 
M2 -3.4 -6.9 -2.6 4 Tcr_1788 ABC transporter related 3885 
S1 -3.6 -4 -3.2 5 Tcr_1790 hypothetical protein  3886 
S2 -3.2 -3.6 -2.8 6 Tcr_1790 hypothetical protein 3887 
S1 -3.9 -4.5 1.8 5 Tcr_1791 hypothetical protein 3888 
S2 -3.2 -3.7 -2.8 5 Tcr_1791 hypothetical protein 3889 
M1 -6.5 -6.9 -2.2 4 Tcr_1792 Allophanate hydrolase subunit 2 3890 
M2 5.5 4.9 6.1 5 Tcr_1792 Allophanate hydrolase subunit 2 3891 
S1 -2.8 -3.1 -2.6 23 Tcr_1792 Allophanate hydrolase subunit 2 3892 
S2 -3 -3.2 -2.7 21 Tcr_1792 Allophanate hydrolase subunit 2 3893 
S1 -3 -6.7 -2.2 11 Tcr_1793 Amidase  3894 
S2 -3.2 -3.6 -2.8 8 Tcr_1793 Amidase  3895 
M1 -0.9 -2 0.3 2 Tcr_1794 Sucrose-phosphate synthase  3896 
M2 -0.9 -1.7 -0.1 5 Tcr_1794 Sucrose-phosphate synthase 3897 
S1 -0.2 -1.2 1 6 Tcr_1794 Sucrose-phosphate synthase 3898 
S2 -0.5 -1.1 0.1 11 Tcr_1794 Sucrose-phosphate synthase 3899 
M2 -1.6 -6.9 -0.5 2 Tcr_1796 PfkB 3900 
S1 -0.4 -1.5 0.2 5 Tcr_1796 PfkB 3901 
S2 -0.7 -1.7 0.2 3 Tcr_1796 PfkB 3902 
M2 0.7 -0.6 2.1 2 Tcr_1797 Alpha amylase, catalytic region 3903 
S1 -0.7 -1.1 -0.3 11 Tcr_1797 Alpha amylase, catalytic region 3904 
S2 -0.5 -1 0 8 Tcr_1797 Alpha amylase, catalytic region 3905 
M1 -0.3 -0.8 0.1 12 Tcr_1806 sigma 70 (RpoD) 3906 
M2 -0.4 -0.8 0 24 Tcr_1806 sigma 70 (RpoD) 3907 
S1 0.1 -0.2 0.4 45 Tcr_1806 sigma 70 (RpoD) 3908 
S2 0 -0.4 0.4 28 Tcr_1806 sigma 70 (RpoD) 3909 
M1 -0.2 -0.8 0.3 6 Tcr_1807 DNA primase 3910 
M2 -0.3 -0.8 0.3 8 Tcr_1807 DNA primase 3911 
S1 -0.1 -1.2 1 2 Tcr_1807 DNA primase 3912 
S2 -0.7 -1.7 0.2 2 Tcr_1807 DNA primase 3913 
S1 0.1 -0.4 0.5 6 Tcr_1808 GatB/Yqey  3914 
S2 0.1 -0.2 0.5 14 Tcr_1808 GatB/Yqey  3915 
M1 -0.1 -0.5 0.3 8 Tcr_1809 ribosomal protein S21 3916 
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M2 0.1 -0.5 0.7 7 Tcr_1809 ribosomal protein S21 3917 
S1 0.1 -0.4 0.5 5 Tcr_1809 ribosomal protein S21 3918 
S2 0 -0.4 0.4 5 Tcr_1809 ribosomal protein S21 3919 
M1 -0.6 -1.2 -0.1 4 Tcr_1810 metalloendopeptidase, putative, glycoprotease 3920 
family  3921 
M2 -0.8 -2 0.4 3 Tcr_1810 metalloendopeptidase, putative, glycoprotease 3922 
family  3923 
S1 -0.6 -1.4 0 5 Tcr_1810 metalloendopeptidase, putative, glycoprotease 3924 
family  3925 
S2 -0.5 -1.5 0.5 2 Tcr_1810 metalloendopeptidase, putative, glycoprotease 3926 
family  3927 
S1 0.3 -0.8 1.3 3 Tcr_1812 dihydroneopterin aldolase 3928 
M1 0.7 -0.2 1.5 3 Tcr_1813 hypothetical protein  3929 
M2 0.2 -1 1.4 2 Tcr_1813 hypothetical protein 3930 
S1 0.1 -0.7 0.9 5 Tcr_1813 hypothetical protein 3931 
S2 -0.2 -0.7 0.3 8 Tcr_1813 hypothetical protein 3932 
M1 -0.2 -1 0.5 4 Tcr_1814 hypothetical protein 3933 
M2 0 -0.9 0.9 4 Tcr_1814 hypothetical protein 3934 
S1 0.2 -0.6 1.1 4 Tcr_1814 hypothetical protein 3935 
S2 0.2 -0.5 0.9 7 Tcr_1814 hypothetical protein 3936 
M1 0 -0.4 0.5 12 Tcr_1815 Protein of unknown function DUF185 3937 
M2 -0.1 -0.6 0.4 15 Tcr_1815 Protein of unknown function DUF185 3938 
S1 0.3 -0.1 0.7 11 Tcr_1815 Protein of unknown function DUF185 3939 
S2 0.2 -0.3 0.7 13 Tcr_1815 Protein of unknown function DUF185 3940 
M1 -1.4 -2.1 1.6 3 Tcr_1817 hypothetical protein 3941 
S1 0.2 -0.8 1.2 4 Tcr_1817 hypothetical protein 3942 
S2 0.1 -1 1.2 2 Tcr_1817 hypothetical protein 3943 
M1 0.2 -1 1.2 2 Tcr_1818 phosphoribosylaminoimidazole carboxylase, 3944 
ATPase subunit  3945 
S1 -0.2 -0.5 0.2 17 Tcr_1818 phosphoribosylaminoimidazole carboxylase, 3946 
ATPase subunit  3947 
S2 0 -0.5 0.4 15 Tcr_1818 phosphoribosylaminoimidazole carboxylase, 3948 
ATPase subunit  3949 
M1 -0.6 -1.4 0.2 5 Tcr_1819 phosphoribosylaminoimidazole carboxylase, 3950 
catalytic subunit 3951 
S1 -0.2 -0.5 0.2 30 Tcr_1819 phosphoribosylaminoimidazole carboxylase, 3952 
catalytic subunit 3953 
S2 0 -0.4 0.3 32 Tcr_1819 phosphoribosylaminoimidazole carboxylase, 3954 
catalytic subunit 3955 
M1 0.6 -0.2 1.5 2 Tcr_1821 Methionine adenosyltransferase 3956 
M2 0 -0.5 0.5 5 Tcr_1821 Methionine adenosyltransferase 3957 
S1 0.3 0.1 0.6 26 Tcr_1821 Methionine adenosyltransferase 3958 
S2 0.1 -0.3 0.5 22 Tcr_1821 Methionine adenosyltransferase 3959 
M1 0.4 -0.2 1 7 Tcr_1822 5,10-methylenetetrahydrofolate reductase 3960 
M2 0.2 -1 1.3 2 Tcr_1822 5,10-methylenetetrahydrofolate reductase 3961 
S1 0.4 0.1 0.7 28 Tcr_1822 5,10-methylenetetrahydrofolate reductase 3962 
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S2 0.1 -0.2 0.4 32 Tcr_1822 5,10-methylenetetrahydrofolate reductase 3963 
M1 0.4 -0.3 1.2 4 Tcr_1823 hypothetical protein  3964 
M2 0.5 -0.4 1.3 5 Tcr_1823 hypothetical protein 3965 
S1 0.7 0 1.4 5 Tcr_1823 hypothetical protein 3966 
S2 0.3 -0.7 1.3 3 Tcr_1823 hypothetical protein 3967 
M1 -1.1 -1.5 0.6 6 Tcr_1824 Glutamate--cysteine ligase GshA 3968 
M2 -1.4 -1.9 -0.9 7 Tcr_1824 Glutamate--cysteine ligase GshA 3969 
S1 0.1 -0.3 0.5 26 Tcr_1824 Glutamate--cysteine ligase GshA 3970 
S2 0 -0.6 0.4 19 Tcr_1824 Glutamate--cysteine ligase GshA 3971 
S1 0.4 -0.3 1.5 9 Tcr_1825 Glutathione synthetase  3972 
S2 -0.1 -0.7 0.6 7 Tcr_1825 Glutathione synthetase  3973 
M1 0.2 -0.3 0.8 5 Tcr_1826 ApbE-like lipoprotein  3974 
M2 -1 -1.7 -0.3 6 Tcr_1826 ApbE-like lipoprotein  3975 
S1 0.1 -0.5 0.7 5 Tcr_1828 Holliday junction resolvase YqgF 3976 
S2 0 -1.2 1.2 2 Tcr_1828 Holliday junction resolvase YqgF 3977 
M1 -0.2 -0.7 0.3 6 Tcr_1829 aspartate carbamoyltransferase  3978 
M2 0 -0.7 0.7 5 Tcr_1829 aspartate carbamoyltransferase 3979 
S1 0.4 0 0.8 17 Tcr_1829 aspartate carbamoyltransferase 3980 
S2 0.3 -0.2 0.8 13 Tcr_1829 aspartate carbamoyltransferase 3981 
M1 0.4 -0.1 0.8 9 Tcr_1830 dihydroorotase, multifunctional complex type 3982 
M2 -0.3 -0.9 0.3 10 Tcr_1830 dihydroorotase, multifunctional complex type 3983 
S1 0.3 0 0.6 26 Tcr_1830 dihydroorotase, multifunctional complex type 3984 
S2 0.2 -0.1 0.5 31 Tcr_1830 dihydroorotase, multifunctional complex type 3985 
S1 -0.5 -1.2 0.3 2 Tcr_1832 hypothetical protein  3986 
S2 -0.2 -0.9 0.6 3 Tcr_1832 hypothetical protein  3987 
M1 -0.6 -0.8 -0.4 36 Tcr_1833 Protein of unknown function DUF344  3988 
M2 -0.4 -0.6 -0.2 69 Tcr_1833 Protein of unknown function DUF344 3989 
S1 -0.5 -0.7 -0.2 26 Tcr_1833 Protein of unknown function DUF344 3990 
S2 -0.3 -0.6 0 31 Tcr_1833 Protein of unknown function DUF344 3991 
S1 -0.5 -0.9 -0.1 14 Tcr_1834 hypothetical protein 3992 
S2 -0.1 -0.4 0.3 13 Tcr_1834 hypothetical protein 3993 
M2 -0.2 -1.3 0.9 2 Tcr_1835 hypothetical protein 3994 
S1 -0.4 -1.2 0.4 4 Tcr_1835 hypothetical protein 3995 
S2 0.7 -0.2 1.5 5 Tcr_1835 hypothetical protein 3996 
S2 0 -1.1 1.1 3 Tcr_1836 Glu/Leu/Phe/Val dehydrogenase  3997 
M1 -0.2 -0.7 0.3 10 Tcr_1837 pyrroline-5-carboxylate reductase 3998 
M2 -0.1 -0.5 0.4 14 Tcr_1837 pyrroline-5-carboxylate reductase 3999 
S1 0.1 -0.3 0.4 18 Tcr_1837 pyrroline-5-carboxylate reductase 4000 
S2 0 -0.3 0.4 18 Tcr_1837 pyrroline-5-carboxylate reductase 4001 
M1 0.4 -0.1 1 7 Tcr_1839 homoserine O-acetyltransferase  4002 
M2 0.2 -0.5 1.1 7 Tcr_1839 homoserine O-acetyltransferase 4003 
S1 0.5 -0.1 1.1 7 Tcr_1839 homoserine O-acetyltransferase 4004 
S2 0.3 -0.5 1 5 Tcr_1839 homoserine O-acetyltransferase 4005 
M1 0 -0.5 0.5 5 Tcr_1840 Methionine biosynthesis MetW 4006 
M2 -0.1 -0.9 0.6 4 Tcr_1840 Methionine biosynthesis MetW 4007 
S1 0.3 -0.4 1 5 Tcr_1840 Methionine biosynthesis MetW 4008 
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S2 0.1 -0.6 0.9 5 Tcr_1840 Methionine biosynthesis MetW 4009 
M1 2.1 1.7 2.6 8 Tcr_1841 ferrous iron transport protein B  4010 
M2 2.2 1.5 4.5 9 Tcr_1841 ferrous iron transport protein B  4011 
M1 -0.2 -0.8 0.4 6 Tcr_1847 diaminopimelate decarboxylase 4012 
M2 -0.2 -0.7 0.4 8 Tcr_1847 diaminopimelate decarboxylase 4013 
S1 -0.1 -0.6 0.3 15 Tcr_1847 diaminopimelate decarboxylase 4014 
S2 0.1 -0.3 0.5 12 Tcr_1847 diaminopimelate decarboxylase 4015 
M1 0.2 -0.1 0.6 13 Tcr_1849 methyltransferase small 4016 
M2 0.1 -0.2 0.4 26 Tcr_1849 methyltransferase small 4017 
S1 0.7 0 1.3 6 Tcr_1849 methyltransferase small 4018 
S2 0.1 -0.4 0.7 6 Tcr_1849 methyltransferase small 4019 
S1 0.4 -0.1 0.8 5 Tcr_1850 glycine cleavage system H protein 4020 
S2 0.2 -0.5 0.9 3 Tcr_1850 glycine cleavage system H protein 4021 
S1 -1.2 -6.7 0.1 2 Tcr_1853 Transposase IS3/IS911  4022 
M1 0.2 -0.4 0.8 6 Tcr_1854 Protein of unknown function DUF302 4023 
M2 0.3 -0.2 0.8 7 Tcr_1854 Protein of unknown function DUF302 4024 
S1 0.2 -0.1 0.5 23 Tcr_1854 Protein of unknown function DUF302 4025 
S2 0.2 -0.2 0.6 17 Tcr_1854 Protein of unknown function DUF302 4026 
M1 0.9 0.5 1.2 18 Tcr_1861 outer membrane protein, probably efflux family 4027 
M2 0.6 0.3 0.8 34 Tcr_1861 outer membrane protein, probably efflux family 4028 
S1 0.9 -0.1 1.9 3 Tcr_1861 outer membrane protein, probably efflux family 4029 
S2 0.8 -1.1 2.1 5 Tcr_1861 outer membrane protein, probably efflux family 4030 
M1 -0.5 -1.2 0.2 5 Tcr_1862 cold-shock DNA-binding domain protein 4031 
M2 -0.1 -0.6 0.5 10 Tcr_1862 cold-shock DNA-binding domain protein 4032 
S1 -0.2 -0.4 0 66 Tcr_1862 cold-shock DNA-binding domain protein 4033 
S2 0 -0.3 0.2 53 Tcr_1862 cold-shock DNA-binding domain protein 4034 
M2 0.4 -0.7 1.6 2 Tcr_1863 Protein of unknown function DUF523 4035 
S1 0.2 -0.2 0.6 14 Tcr_1863 Protein of unknown function DUF523 4036 
S2 0.3 -0.2 0.9 10 Tcr_1863 Protein of unknown function DUF523 4037 
M1 0.6 0.3 0.9 18 Tcr_1864 ferrochelatase 4038 
M2 0.4 0 0.8 18 Tcr_1864 ferrochelatase 4039 
S1 0.6 0.1 1.1 8 Tcr_1864 ferrochelatase 4040 
S2 0.9 -0.6 1.9 4 Tcr_1864 ferrochelatase 4041 
M1 -0.3 -1 0.3 2 Tcr_1865 Short-chain dehydrogenase/reductase SDR 4042 
S1 -0.3 -0.8 0.3 4 Tcr_1865 Short-chain dehydrogenase/reductase SDR 4043 
S2 -0.3 -1 0.4 4 Tcr_1865 Short-chain dehydrogenase/reductase SDR 4044 
M1 0.1 -0.6 0.8 5 Tcr_1867 Glyceraldehyde 3-phosphate dehydrogenase 4045 
(phosphorylating) 4046 
S1 0.3 -0.2 0.8 4 Tcr_1867 Glyceraldehyde 3-phosphate dehydrogenase 4047 
(phosphorylating) 4048 
S2 0.1 -0.4 0.7 9 Tcr_1867 Glyceraldehyde 3-phosphate dehydrogenase 4049 
(phosphorylating) 4050 
M1 -0.3 -1.9 1 2 Tcr_1871 Beta-lactamase-like 4051 
S1 -0.2 -0.9 0.6 2 Tcr_1871 Beta-lactamase-like 4052 
S2 -0.2 -1.3 0.9 2 Tcr_1872 transcriptional regulator, ArsR family 4053 
M1 -0.3 -0.7 0 8 Tcr_1873 FAD dependent oxidoreductase  4054 
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M2 -0.6 -1 -0.1 9 Tcr_1873 FAD dependent oxidoreductase 4055 
S1 -0.3 -1 0.4 8 Tcr_1873 FAD dependent oxidoreductase 4056 
S2 -0.3 -0.7 0.1 7 Tcr_1873 FAD dependent oxidoreductase 4057 
S1 -0.2 -1.1 0.6 5 Tcr_1875 Protein of unknown function DUF198 4058 
S2 -0.5 -1.1 0 5 Tcr_1875 Protein of unknown function DUF198 4059 
M1 0.9 0.1 1.7 3 Tcr_1876 hypothetical protein  4060 
M1 -0.4 -0.8 0.1 12 Tcr_1878 Pyruvate carboxyltransferase 4061 
M2 1.3 0.8 1.7 24 Tcr_1878 Pyruvate carboxyltransferase 4062 
S1 -0.2 -0.5 0 29 Tcr_1878 Pyruvate carboxyltransferase 4063 
S2 1.4 1.2 1.6 41 Tcr_1878 Pyruvate carboxyltransferase 4064 
S1 0.5 -0.5 1.5 3 Tcr_1879 Thioredoxin-related 4065 
S2 0.1 -0.5 0.9 8 Tcr_1879 Thioredoxin-related 4066 
M1 0 -0.2 0.2 36 Tcr_1880 Beta-lactamase-like 4067 
M2 0.8 0.6 1 74 Tcr_1880 Beta-lactamase-like 4068 
S1 0.2 -0.2 0.6 17 Tcr_1880 Beta-lactamase-like 4069 
S2 0.8 0.4 1.2 11 Tcr_1880 Beta-lactamase-like 4070 
S1 0.4 -0.7 1.5 3 Tcr_1882 hypothetical protein 4071 
S2 0.6 -0.7 1.6 3 Tcr_1882 hypothetical protein 4072 
M1 0.1 -0.7 0.7 9 Tcr_1883 DEAD/DEAH box helicase-like 4073 
M2 0.4 -0.1 0.8 19 Tcr_1883 DEAD/DEAH box helicase-like 4074 
S1 0.2 -0.7 1 2 Tcr_1883 DEAD/DEAH box helicase-like 4075 
M1 0.2 -0.6 0.9 6 Tcr_1887 Aldehyde dehydrogenase 4076 
M2 0.9 -0.2 2.1 2 Tcr_1887 Aldehyde dehydrogenase 4077 
S1 0.2 0 0.5 50 Tcr_1887 Aldehyde dehydrogenase 4078 
S2 0.5 0.2 0.7 50 Tcr_1887 Aldehyde dehydrogenase 4079 
M1 0 -0.3 0.3 18 Tcr_1888 diguanylate phosphodiesterase (EAL domain) 4080 
M2 0.3 0 0.6 35 Tcr_1888 diguanylate phosphodiesterase (EAL domain) 4081 
S1 0 -0.3 0.2 41 Tcr_1888 diguanylate phosphodiesterase (EAL domain) 4082 
S2 0.3 -0.1 0.7 19 Tcr_1888 diguanylate phosphodiesterase (EAL domain) 4083 
M1 2 1.5 2.5 3 Tcr_1889 Allantoinase 4084 
M2 0.3 -2.1 2.4 2 Tcr_1889 Allantoinase 4085 
S1 1.4 1.2 1.6 64 Tcr_1889 Allantoinase 4086 
S2 1.2 1 1.4 49 Tcr_1889 Allantoinase 4087 
M1 -0.3 -0.7 0 12 Tcr_1891 Polyphosphate kinase 4088 
M2 0.1 -0.3 0.5 22 Tcr_1891 Polyphosphate kinase 4089 
S1 -0.1 -0.4 0.2 29 Tcr_1891 Polyphosphate kinase 4090 
S2 -0.2 -0.5 0.1 19 Tcr_1891 Polyphosphate kinase 4091 
M1 -0.5 -1.5 0.8 4 Tcr_1892 Ppx/GppA phosphatase 4092 
M2 -0.3 -1 0.5 4 Tcr_1892 Ppx/GppA phosphatase 4093 
S1 -0.5 -1.2 0.1 5 Tcr_1892 Ppx/GppA phosphatase 4094 
S2 -0.1 -0.7 0.6 6 Tcr_1892 Ppx/GppA phosphatase 4095 
M2 -0.3 -1.1 0.6 2 Tcr_1893 oxidoreductase FAD/NAD(P)-binding 4096 
S1 0.1 -0.5 0.6 8 Tcr_1893 oxidoreductase FAD/NAD(P)-binding 4097 
S2 -0.2 -0.9 0.6 4 Tcr_1893 oxidoreductase FAD/NAD(P)-binding 4098 
M1 0.7 -0.3 1.6 3 Tcr_1895 orotate phosphoribosyltransferase  4099 
M2 0.6 -0.3 1.5 5 Tcr_1895 orotate phosphoribosyltransferase  4100 
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S1 0.3 0 0.6 40 Tcr_1895 orotate phosphoribosyltransferase  4101 
S2 0.3 -0.1 0.6 32 Tcr_1895 orotate phosphoribosyltransferase  4102 
M1 0.4 0.2 0.6 72 Tcr_1897 methyl-accepting chemotaxis sensory transducer 4103 
with Pas/Pac sensor 4104 
M2 0.6 0.5 0.8 144 Tcr_1897 methyl-accepting chemotaxis sensory transducer 4105 
with Pas/Pac sensor 4106 
S1 0.2 -0.2 0.7 20 Tcr_1897 methyl-accepting chemotaxis sensory transducer 4107 
with Pas/Pac sensor 4108 
S2 0.4 0 0.9 18 Tcr_1897 methyl-accepting chemotaxis sensory transducer 4109 
with Pas/Pac sensor 4110 
M1 -0.1 -0.5 0.2 21 Tcr_1899 acetylglutamate kinase 4111 
M2 -0.1 -0.4 0.1 35 Tcr_1899 acetylglutamate kinase 4112 
S1 -0.1 -0.3 0.1 50 Tcr_1899 acetylglutamate kinase 4113 
S2 -0.1 -0.4 0.2 31 Tcr_1899 acetylglutamate kinase 4114 
S1 3.4 2.7 4.1 2 Tcr_1901 hypothetical protein 4115 
S1 0.4 0.1 0.7 33 Tcr_1902 Protein of unknown function DUF520 4116 
S2 0.2 -0.3 0.6 21 Tcr_1902 Protein of unknown function DUF520 4117 
M1 0 -0.4 0.3 11 Tcr_1904 putative signal transduction protein  4118 
M2 0 -0.4 0.4 20 Tcr_1904 putative signal transduction protein 4119 
S1 -0.1 -0.7 0.6 7 Tcr_1904 putative signal transduction protein 4120 
S2 0 -0.6 0.5 4 Tcr_1904 putative signal transduction protein 4121 
S1 -0.7 -1.7 0.3 3 Tcr_1905 Phosphomannomutase  4122 
M1 0.1 -0.7 0.9 3 Tcr_1906 deoxyuridine 5'-triphosphate nucleotidohydrolase 4123 
(dut)  4124 
M2 0.1 -0.8 1 3 Tcr_1906 deoxyuridine 5'-triphosphate nucleotidohydrolase 4125 
(dut)  4126 
S1 0 -0.4 0.3 15 Tcr_1906 deoxyuridine 5'-triphosphate nucleotidohydrolase 4127 
(dut)  4128 
S2 -0.1 -0.5 0.3 12 Tcr_1906 deoxyuridine 5'-triphosphate nucleotidohydrolase 4129 
(dut)  4130 
M1 0 -0.6 0.6 8 Tcr_1913 PAS/PAC sensor signal transduction histidine 4131 
kinase 4132 
M2 0.4 -0.1 0.9 17 Tcr_1913 PAS/PAC sensor signal transduction histidine 4133 
kinase 4134 
S1 0.5 -0.5 1.4 5 Tcr_1913 PAS/PAC sensor signal transduction histidine 4135 
kinase 4136 
S2 0.5 0 1 13 Tcr_1913 PAS/PAC sensor signal transduction histidine 4137 
kinase 4138 
M1 -0.5 -1.3 0.2 8 Tcr_1914 hypothetical protein 4139 
M2 -0.1 -0.8 0.6 12 Tcr_1914 hypothetical protein 4140 
S2 0.2 -1 1.3 2 Tcr_1914 hypothetical protein 4141 
M1 0.7 0.1 1.2 7 Tcr_1915 phosphopantothenoylcysteine 4142 
decarboxylase/phosphopantothenate--cysteine ligase 4143 
M2 0.4 -0.2 1.1 9 Tcr_1915 phosphopantothenoylcysteine 4144 
decarboxylase/phosphopantothenate--cysteine ligase 4145 
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S1 0.8 0 1.5 4 Tcr_1915 phosphopantothenoylcysteine 4146 
decarboxylase/phosphopantothenate--cysteine ligase 4147 
S2 0.2 -1 1.4 2 Tcr_1915 phosphopantothenoylcysteine 4148 
decarboxylase/phosphopantothenate--cysteine ligase 4149 
S1 0.3 -0.4 1 4 Tcr_1916 4-hydroxybenzoyl-CoA thioesterase 4150 
S2 0 -0.8 0.8 6 Tcr_1916 4-hydroxybenzoyl-CoA thioesterase 4151 
M1 0 -0.3 0.2 14 Tcr_1918 ribosomal protein L28  4152 
M2 0 -0.2 0.3 42 Tcr_1918 ribosomal protein L28 4153 
S1 0 -0.3 0.4 15 Tcr_1918 ribosomal protein L28 4154 
S2 0.1 -0.3 0.4 15 Tcr_1918 ribosomal protein L28 4155 
M1 0 -0.7 0.7 7 Tcr_1919 ribosomal protein L33 4156 
M2 0.3 -0.3 0.9 16 Tcr_1919 ribosomal protein L33 4157 
S1 -0.1 -1.1 0.8 4 Tcr_1919 ribosomal protein L33 4158 
S2 -0.9 -1.9 0.1 2 Tcr_1919 ribosomal protein L33 4159 
M1 0.2 -0.5 0.8 7 Tcr_1920 diguanylate cyclase (GGDEF domain) with 4160 
PAS/PAC sensor 4161 
M2 0.5 -0.1 1.1 7 Tcr_1920 diguanylate cyclase (GGDEF domain) with 4162 
PAS/PAC sensor 4163 
S1 0.3 -1 1.6 2 Tcr_1921 formamidopyrimidine-DNA glycosylase  4164 
M1 3.6 0.6 7.1 3 Tcr_1923 ATPase, E1-E2 type  4165 
M1 0.3 -0.1 0.7 17 Tcr_1924 multi-sensor hybrid histidine kinase  4166 
M2 0.7 0.3 1.1 19 Tcr_1924 multi-sensor hybrid histidine kinase  4167 
M1 0.4 -0.5 1.3 2 Tcr_1927 molybdenum ABC transporter, periplasmic 4168 
molybdate-binding protein 4169 
M2 0 -0.9 0.9 3 Tcr_1927 molybdenum ABC transporter, periplasmic 4170 
molybdate-binding protein 4171 
S1 0.7 -0.1 1.4 5 Tcr_1927 molybdenum ABC transporter, periplasmic 4172 
molybdate-binding protein 4173 
S2 0 -0.6 0.7 7 Tcr_1927 molybdenum ABC transporter, periplasmic 4174 
molybdate-binding protein 4175 
S2 -0.1 -1 0.8 4 Tcr_1928 transcriptional regulator, ModE family 4176 
M1 -0.3 -0.9 0.2 9 Tcr_1930 Coenzyme A biosynthesis protein  4177 
M2 0.4 -0.1 0.9 13 Tcr_1930 Coenzyme A biosynthesis protein 4178 
S1 0 -0.6 0.5 10 Tcr_1930 Coenzyme A biosynthesis protein 4179 
S2 0.3 -0.2 0.7 11 Tcr_1930 Coenzyme A biosynthesis protein 4180 
M1 0 -0.9 0.9 6 Tcr_1931 diguanylate cyclase/phosphodiesterase (GGDEF 4181 
& EAL domains) with PAS/PAC sensor(s) 4182 
M2 2.9 0.7 7.1 4 Tcr_1931 diguanylate cyclase/phosphodiesterase (GGDEF 4183 
& EAL domains) with PAS/PAC sensor(s) 4184 
M2 -2.1 -2.9 -1.3 2 Tcr_1932 hypothetical protein 4185 
S1 -0.8 -1.4 -0.2 7 Tcr_1933 uncharacterized conserved coiled coil protein 4186 
S2 -0.7 -1.3 -0.1 7 Tcr_1933 uncharacterized conserved coiled coil protein 4187 
M1 -0.9 -1.3 -0.5 8 Tcr_1934 hypothetical protein 4188 
M2 -0.5 -1.4 0.2 7 Tcr_1934 hypothetical protein 4189 
S1 -0.8 -1.2 -0.4 11 Tcr_1934 hypothetical protein 4190 
S2 -0.6 -1 -0.1 11 Tcr_1934 hypothetical protein 4191 
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S1 -0.7 -1 -0.4 14 Tcr_1935 hypothetical protein 4192 
S2 -0.7 -1.3 0 8 Tcr_1935 hypothetical protein 4193 
M1 -0.1 -0.7 0.5 9 Tcr_1937 diguanylate cyclase (GGDEF domain) 4194 
M2 0 -0.8 0.7 7 Tcr_1937 diguanylate cyclase (GGDEF domain) 4195 
M1 0.5 -0.3 1.3 5 Tcr_1940 Peptidase M16-like  4196 
M2 0.3 -0.2 0.9 11 Tcr_1940 Peptidase M16-like 4197 
S1 0.7 0.3 1.1 14 Tcr_1940 Peptidase M16-like 4198 
S2 0.8 0.3 1.2 13 Tcr_1940 Peptidase M16-like 4199 
M1 0.5 -0.2 1.2 6 Tcr_1941 Peptidase M16-like 4200 
M2 0.8 0.2 1.5 4 Tcr_1941 Peptidase M16-like 4201 
S1 0.6 0.2 1.2 14 Tcr_1941 Peptidase M16-like 4202 
S2 0.5 0 1 9 Tcr_1941 Peptidase M16-like 4203 
M1 -0.1 -0.7 0.5 5 Tcr_1942 signal recognition particle-docking protein FtsY 4204 
M2 0 -0.5 0.4 24 Tcr_1942 signal recognition particle-docking protein FtsY 4205 
S1 0.1 -0.3 0.5 15 Tcr_1942 signal recognition particle-docking protein FtsY 4206 
S2 -0.1 -0.5 0.3 18 Tcr_1942 signal recognition particle-docking protein FtsY 4207 
M1 -0.1 -0.8 0.7 3 Tcr_1943 hypothetical protein  4208 
M1 0.3 -0.1 0.7 16 Tcr_1945 Beta-ketoacyl synthase  4209 
M2 0.4 -0.1 0.8 17 Tcr_1945 Beta-ketoacyl synthase 4210 
S1 0.2 0 0.3 115 Tcr_1945 Beta-ketoacyl synthase 4211 
S2 0.1 -0.1 0.3 100 Tcr_1945 Beta-ketoacyl synthase 4212 
M2 -0.1 -1.1 0.8 2 Tcr_1946 beta-hydroxyacyl-(acyl-carrier-protein) 4213 
dehydratase FabA 4214 
S1 0 -0.3 0.3 25 Tcr_1946 beta-hydroxyacyl-(acyl-carrier-protein) 4215 
dehydratase FabA 4216 
S2 -0.1 -0.4 0.3 12 Tcr_1946 beta-hydroxyacyl-(acyl-carrier-protein) 4217 
dehydratase FabA 4218 
M2 0.3 -0.3 1 3 Tcr_1949 tyrosyl-tRNA synthetase 4219 
S1 0.4 0.2 0.6 51 Tcr_1949 tyrosyl-tRNA synthetase 4220 
S2 0.3 0 0.6 35 Tcr_1949 tyrosyl-tRNA synthetase 4221 
M1 0.7 0.4 1.1 15 Tcr_1950 dihydroorotate dehydrogenase family protein 4222 
M2 0.5 0.1 0.9 15 Tcr_1950 dihydroorotate dehydrogenase family protein 4223 
M1 0.2 -0.6 1 4 Tcr_1951 tRNA/rRNA methyltransferase (SpoU)  4224 
M2 0.1 -1.1 1.3 2 Tcr_1951 tRNA/rRNA methyltransferase (SpoU) 4225 
S1 0.3 -0.2 0.8 14 Tcr_1951 tRNA/rRNA methyltransferase (SpoU) 4226 
S2 0.3 -0.2 0.9 8 Tcr_1951 tRNA/rRNA methyltransferase (SpoU) 4227 
M1 0.3 -0.3 1 7 Tcr_1952 Glycerol-3-phosphate dehydrogenase (NAD(P)+) 4228 
M2 0.4 -0.5 1.5 5 Tcr_1952 Glycerol-3-phosphate dehydrogenase (NAD(P)+) 4229 
S1 0.3 -0.1 0.8 10 Tcr_1952 Glycerol-3-phosphate dehydrogenase (NAD(P)+) 4230 
S2 0.3 -0.3 0.8 7 Tcr_1952 Glycerol-3-phosphate dehydrogenase (NAD(P)+) 4231 
S1 0.5 0.2 0.8 15 Tcr_1953 protein-export protein SecB  4232 
S2 0.3 0 0.6 11 Tcr_1953 protein-export protein SecB  4233 
M2 0.3 -0.4 0.9 3 Tcr_1954 Glutaredoxin  4234 
S1 0.1 -0.4 0.6 9 Tcr_1954 Glutaredoxin  4235 
S2 0.1 -0.5 0.8 5 Tcr_1954 Glutaredoxin  4236 
M1 -0.8 -1.4 -0.1 4 Tcr_1955 Rhodanese-like  4237 
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M2 0.6 0.1 1.1 9 Tcr_1955 Rhodanese-like  4238 
S1 0.6 -0.2 1.4 3 Tcr_1955 Rhodanese-like  4239 
M1 0.7 0.2 1.2 11 Tcr_1956 phosphoglycerate mutase, 2,3-4240 
bisphosphoglycerate-independent 4241 
M2 0.3 -0.3 0.9 7 Tcr_1956 phosphoglycerate mutase, 2,3-4242 
bisphosphoglycerate-independent 4243 
S1 0.4 0.2 0.5 92 Tcr_1956 phosphoglycerate mutase, 2,3-4244 
bisphosphoglycerate-independent 4245 
S2 -0.1 -0.3 0.1 78 Tcr_1956 phosphoglycerate mutase, 2,3-4246 
bisphosphoglycerate-independent 4247 
M1 -0.4 -0.7 -0.2 34 Tcr_1957 Glutamate synthase (ferredoxin) 4248 
M2 -0.4 -0.6 -0.2 58 Tcr_1957 Glutamate synthase (ferredoxin) 4249 
S1 -0.3 -0.4 -0.1 171 Tcr_1957 Glutamate synthase (ferredoxin) 4250 
S2 -0.2 -0.4 -0.1 159 Tcr_1957 Glutamate synthase (ferredoxin) 4251 
M1 -0.4 -0.8 0 14 Tcr_1958 glutamate synthase, small subunit 4252 
M2 0 -0.4 0.4 21 Tcr_1958 glutamate synthase, small subunit 4253 
S1 -0.3 -0.5 -0.1 76 Tcr_1958 glutamate synthase, small subunit 4254 
S2 -0.3 -0.5 -0.1 65 Tcr_1958 glutamate synthase, small subunit 4255 
M1 0.9 0.5 1.4 6 Tcr_1960 Heavy metal translocating P-type ATPase  4256 
M2 1 0.4 1.5 11 Tcr_1960 Heavy metal translocating P-type ATPase  4257 
M1 0 -0.6 0.6 7 Tcr_1962 4Fe-4S ferredoxin, iron-sulfur binding  4258 
M2 -0.1 -0.6 0.4 9 Tcr_1962 4Fe-4S ferredoxin, iron-sulfur binding  4259 
M1 0.6 0.4 0.7 77 Tcr_1963 cytochrome c oxidase, cbb3-type, subunit III 4260 
M2 0.5 0.4 0.7 84 Tcr_1963 cytochrome c oxidase, cbb3-type, subunit III 4261 
S1 0.6 0.2 0.9 16 Tcr_1963 cytochrome c oxidase, cbb3-type, subunit III 4262 
S2 0.9 0.3 1.4 10 Tcr_1963 cytochrome c oxidase, cbb3-type, subunit III 4263 
M1 0.6 0.4 0.8 40 Tcr_1964 cytochrome c oxidase, cbb3-type, subunit II  4264 
M2 0.4 0.3 0.6 65 Tcr_1964 cytochrome c oxidase, cbb3-type, subunit II 4265 
S1 0.7 0.2 1.2 10 Tcr_1964 cytochrome c oxidase, cbb3-type, subunit II 4266 
S2 0.7 0.1 1.2 10 Tcr_1964 cytochrome c oxidase, cbb3-type, subunit II 4267 
M2 -0.3 -1.4 0.7 2 Tcr_1966 Imidazoleglycerol-phosphate dehydratase 4268 
S1 0.3 0 0.5 15 Tcr_1966 Imidazoleglycerol-phosphate dehydratase 4269 
S2 0.1 -0.1 0.4 12 Tcr_1966 Imidazoleglycerol-phosphate dehydratase 4270 
M1 0.6 -0.4 1.6 3 Tcr_1967 imidazole glycerol phosphate synthase, 4271 
glutamine amidotransferase subunit 4272 
M2 -0.7 -1.2 -0.1 4 Tcr_1967 imidazole glycerol phosphate synthase, 4273 
glutamine amidotransferase subunit 4274 
S1 0.1 -0.3 0.4 21 Tcr_1967 imidazole glycerol phosphate synthase, 4275 
glutamine amidotransferase subunit 4276 
S2 0.1 -0.3 0.5 18 Tcr_1967 imidazole glycerol phosphate synthase, 4277 
glutamine amidotransferase subunit 4278 
M1 0.1 -0.2 0.5 15 Tcr_1968 Phosphoribosylformimino-5-aminoimidazole 4279 
carboxamide ribotide isomerase  4280 
M2 0 -0.4 0.4 21 Tcr_1968 Phosphoribosylformimino-5-aminoimidazole 4281 
carboxamide ribotide isomerase  4282 
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S1 0.1 -0.2 0.4 32 Tcr_1968 Phosphoribosylformimino-5-aminoimidazole 4283 
carboxamide ribotide isomerase 4284 
S2 0 -0.3 0.3 36 Tcr_1968 Phosphoribosylformimino-5-aminoimidazole 4285 
carboxamide ribotide isomerase 4286 
M1 0.3 -0.1 0.7 8 Tcr_1969 imidazoleglycerol phosphate synthase, cyclase 4287 
subunit  4288 
M2 0.2 -0.5 0.9 6 Tcr_1969 imidazoleglycerol phosphate synthase, cyclase 4289 
subunit  4290 
S1 0.3 -0.3 0.8 11 Tcr_1969 imidazoleglycerol phosphate synthase, cyclase 4291 
subunit 4292 
S2 0 -0.4 0.5 11 Tcr_1969 imidazoleglycerol phosphate synthase, cyclase 4293 
subunit 4294 
S1 0.3 -0.1 0.7 13 Tcr_1970 Phosphoribosyl-ATP pyrophosphohydrolase 4295 
S2 -5.2 -5.8 -4.6 5 Tcr_1970 Phosphoribosyl-ATP pyrophosphohydrolase 4296 
S1 0.5 0.1 1 11 Tcr_1971 Histidine triad (HIT) protein  4297 
S2 0.2 -0.3 0.6 10 Tcr_1971 Histidine triad (HIT) protein  4298 
M2 -0.1 -1.1 0.9 5 Tcr_1972 twin-arginine translocation protein, TatA/E 4299 
family 4300 
M1 0.6 0.2 1 3 Tcr_1973 twin-arginine translocation protein TatB 4301 
M2 0.5 0.2 0.9 7 Tcr_1973 twin-arginine translocation protein TatB 4302 
S1 0.7 -0.5 1.9 2 Tcr_1973 twin-arginine translocation protein TatB 4303 
S2 0 -0.6 0.7 3 Tcr_1973 twin-arginine translocation protein TatB 4304 
M1 1.3 0.2 2.5 2 Tcr_1978 biotin synthase 4305 
S1 0.9 0.5 1.3 15 Tcr_1978 biotin synthase 4306 
S2 0.6 0.2 1.1 14 Tcr_1978 biotin synthase 4307 
S2 0.1 -0.9 1.1 3 Tcr_1979 8-amino-7-oxononanoate synthase 4308 
M1 0.3 -0.4 1.1 4 Tcr_1981 Biotin biosynthesis protein BioC  4309 
M2 0.2 -0.5 1 3 Tcr_1981 Biotin biosynthesis protein BioC 4310 
S1 0.2 -0.8 1.1 3 Tcr_1981 Biotin biosynthesis protein BioC 4311 
S2 0.1 -0.8 1.1 3 Tcr_1981 Biotin biosynthesis protein BioC 4312 
M1 0.6 -0.3 1.5 3 Tcr_1983 hypothetical protein  4313 
M2 0.1 -1 1.2 3 Tcr_1983 hypothetical protein  4314 
M1 0.1 -0.1 0.4 27 Tcr_1984 methyl-accepting chemotaxis sensory transducer 4315 
with Pas/Pac sensor 4316 
M2 0.1 -0.1 0.4 50 Tcr_1984 methyl-accepting chemotaxis sensory transducer 4317 
with Pas/Pac sensor 4318 
S1 -0.8 -1.3 -0.2 9 Tcr_1984 methyl-accepting chemotaxis sensory transducer 4319 
with Pas/Pac sensor 4320 
S2 -0.7 -1.2 -0.1 8 Tcr_1984 methyl-accepting chemotaxis sensory transducer 4321 
with Pas/Pac sensor 4322 
M1 0 -0.3 0.3 28 Tcr_1985 hypothetical protein 4323 
M2 0.1 -0.1 0.4 36 Tcr_1985 hypothetical protein 4324 
S1 0.1 -1 1.1 3 Tcr_1985 hypothetical protein 4325 
S2 0.1 -0.7 0.9 5 Tcr_1985 hypothetical protein 4326 
M2 0.2 -0.6 1.1 3 Tcr_1986 hypothetical protein 4327 
M1 -1.3 -2.2 -0.1 7 Tcr_1987 primosomal protein N' (replication factor Y) 4328 
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M2 -0.6 -1.3 0.1 6 Tcr_1987 primosomal protein N' (replication factor Y) 4329 
S1 -0.2 -0.8 0.4 6 Tcr_1987 primosomal protein N' (replication factor Y) 4330 
S2 -0.1 -0.8 0.5 7 Tcr_1987 primosomal protein N' (replication factor Y) 4331 
M1 -0.3 -1.3 0.7 3 Tcr_1988 hypothetical protein 4332 
M2 -0.1 -1.2 1 3 Tcr_1988 hypothetical protein 4333 
S1 0.1 -1 1.3 5 Tcr_1988 hypothetical protein 4334 
S2 0.6 -0.5 1.7 3 Tcr_1988 hypothetical protein 4335 
M1 0.1 -0.3 0.5 12 Tcr_1989 tryptophan synthase, beta subunit 4336 
M2 0.2 -0.2 0.6 16 Tcr_1989 tryptophan synthase, beta subunit 4337 
S1 0.4 0.1 0.7 33 Tcr_1989 tryptophan synthase, beta subunit 4338 
S2 0.3 0 0.6 25 Tcr_1989 tryptophan synthase, beta subunit 4339 
M1 -0.3 -0.9 0.2 6 Tcr_1990 Protein of unknown function DUF548 4340 
M2 -0.4 -0.9 0.2 5 Tcr_1990 Protein of unknown function DUF548 4341 
S1 0.1 -1 1.1 2 Tcr_1990 Protein of unknown function DUF548 4342 
S2 0 -0.8 0.7 3 Tcr_1990 Protein of unknown function DUF548 4343 
S1 -0.2 -0.9 0.4 6 Tcr_1992 pyridoxamine 5'-phosphate oxidase  4344 
S2 0.6 0 1.2 5 Tcr_1992 pyridoxamine 5'-phosphate oxidase  4345 
M1 4.9 1.1 5.5 2 Tcr_1994 TonB-dependent receptor  4346 
M2 2.7 2.1 3.2 3 Tcr_1994 TonB-dependent receptor  4347 
M1 -0.4 -0.9 0 14 Tcr_1999 methyl-accepting chemotaxis sensory transducer 4348 
M2 -0.1 -0.5 0.3 17 Tcr_1999 methyl-accepting chemotaxis sensory transducer 4349 
S1 -0.4 -1.4 1.3 3 Tcr_1999 methyl-accepting chemotaxis sensory transducer 4350 
M1 0.8 0.3 1.3 9 Tcr_2000 Acriflavin resistance protein  4351 
M2 1.2 0.6 1.8 10 Tcr_2000 Acriflavin resistance protein  4352 
M1 0.4 0.1 0.6 28 Tcr_2001 Secretion protein HlyD  4353 
M2 0.9 0.6 1.2 30 Tcr_2001 Secretion protein HlyD 4354 
S1 1.1 0.2 2 5 Tcr_2001 Secretion protein HlyD 4355 
S2 1.2 0.1 2.3 3 Tcr_2001 Secretion protein HlyD 4356 
S1 -0.5 -1.4 0.6 3 Tcr_2002 transcriptional regulator, LysR family  4357 
S2 -0.2 -1.5 1.1 2 Tcr_2002 transcriptional regulator, LysR family  4358 
S1 0.6 -0.6 1.8 3 Tcr_2003 Pirin-like  4359 
M1 -2.5 -2.7 -2.3 46 Tcr_2004 methyl-accepting chemotaxis sensory transducer 4360 
with Pas/Pac sensor 4361 
M2 -3.2 -3.5 -3 41 Tcr_2004 methyl-accepting chemotaxis sensory transducer 4362 
with Pas/Pac sensor 4363 
S1 -2.4 -2.6 -2.2 66 Tcr_2004 methyl-accepting chemotaxis sensory transducer 4364 
with Pas/Pac sensor 4365 
S2 -3.4 -3.7 -3.2 31 Tcr_2004 methyl-accepting chemotaxis sensory transducer 4366 
with Pas/Pac sensor 4367 
M1 -0.2 -1.2 0.8 2 Tcr_2005 hypothetical protein 4368 
M2 -0.3 -1.8 1.1 2 Tcr_2005 hypothetical protein 4369 
S1 0.6 -0.4 1.7 4 Tcr_2005 hypothetical protein 4370 
S2 5.6 -0.5 6.2 3 Tcr_2005 hypothetical protein 4371 
M1 -0.1 -0.7 0.5 9 Tcr_2008 diguanylate cyclase/phosphodiesterase (GGDEF 4372 
& EAL domains) with PAS/PAC sensor(s) 4373 
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M2 -4.2 -6.9 -3.7 8 Tcr_2008 diguanylate cyclase/phosphodiesterase (GGDEF 4374 
& EAL domains) with PAS/PAC sensor(s) 4375 
S1 1.1 0.2 1.8 9 Tcr_2008 diguanylate cyclase/phosphodiesterase (GGDEF 4376 
& EAL domains) with PAS/PAC sensor(s) 4377 
S2 -0.1 -0.9 0.8 6 Tcr_2008 diguanylate cyclase/phosphodiesterase (GGDEF 4378 
& EAL domains) with PAS/PAC sensor(s) 4379 
M1 -0.6 -0.8 -0.4 59 Tcr_2009 DEAD/DEAH box helicase-like 4380 
M2 -0.3 -0.5 -0.1 122 Tcr_2009 DEAD/DEAH box helicase-like 4381 
S1 -0.5 -0.9 -0.1 26 Tcr_2009 DEAD/DEAH box helicase-like 4382 
S2 -0.1 -0.6 0.3 17 Tcr_2009 DEAD/DEAH box helicase-like 4383 
M1 0.6 0.4 0.9 29 Tcr_2011 TRAP dicarboxylate transporter- DctP subunit 4384 
M2 0.5 0.2 0.8 37 Tcr_2011 TRAP dicarboxylate transporter- DctP subunit 4385 
S1 0.6 0.1 1.2 8 Tcr_2011 TRAP dicarboxylate transporter- DctP subunit 4386 
S2 0.2 -0.5 0.8 7 Tcr_2011 TRAP dicarboxylate transporter- DctP subunit 4387 
S2 0.5 -0.5 1.5 2 Tcr_2012 conserved hypothetical cytosolic protein  4388 
M1 0.5 -0.1 1 7 Tcr_2014 Chaperone DnaJ-like  4389 
M2 0.7 0 1.5 5 Tcr_2014 Chaperone DnaJ-like 4390 
S1 0.3 -0.1 0.7 12 Tcr_2014 Chaperone DnaJ-like 4391 
S2 0.5 0 1 12 Tcr_2014 Chaperone DnaJ-like 4392 
M1 0 -0.4 0.4 12 Tcr_2015 TonB-dependent receptor  4393 
M2 -0.4 -1 0.1 15 Tcr_2015 TonB-dependent receptor  4394 
S1 -0.1 -0.4 0.2 23 Tcr_2017 phosphoglucomutase, alpha-D-glucose 4395 
phosphate-specific 4396 
S2 0 -0.4 0.5 15 Tcr_2017 phosphoglucomutase, alpha-D-glucose 4397 
phosphate-specific 4398 
M1 -1.3 -1.6 -1 25 Tcr_2018 hypothetical protein 4399 
M2 -1.2 -1.4 -1 63 Tcr_2018 hypothetical protein 4400 
S1 -2 -2.2 -1.9 125 Tcr_2018 hypothetical protein 4401 
S2 -1.7 -1.8 -1.5 109 Tcr_2018 hypothetical protein 4402 
S1 0.1 -0.4 0.6 10 Tcr_2019 hypothetical protein 4403 
S2 0.2 -0.3 0.7 10 Tcr_2019 hypothetical protein 4404 
S1 0.1 -0.3 0.5 9 Tcr_2022 Heat shock protein Hsp20  4405 
S2 -0.3 -0.7 0 15 Tcr_2022 Heat shock protein Hsp20  4406 
M1 -0.4 -0.9 0.3 9 Tcr_2023 ABC-type nitrate/sulfonate/bicarbonate transport 4407 
systems periplasmic components-like 4408 
M2 0 -0.6 0.5 10 Tcr_2023 ABC-type nitrate/sulfonate/bicarbonate transport 4409 
systems periplasmic components-like 4410 
M1 -1.5 -2.1 1.3 3 Tcr_2025 Tellurite resistance protein TehB 4411 
M2 2.4 -0.4 3.1 3 Tcr_2025 Tellurite resistance protein TehB 4412 
S2 -0.5 -1.2 0.6 7 Tcr_2025 Tellurite resistance protein TehB 4413 
M1 0.5 0.1 0.9 6 Tcr_2029 succinate dehydrogenase, flavoprotein subunit 4414 
M2 1.6 0.9 2.2 7 Tcr_2029 succinate dehydrogenase, flavoprotein subunit 4415 
M1 0.3 -0.3 0.8 3 Tcr_2032 Thiamine pyrophosphate enzyme 4416 
M2 -0.2 -1.4 1.3 3 Tcr_2032 Thiamine pyrophosphate enzyme 4417 
S1 0.2 -0.7 1.1 3 Tcr_2032 Thiamine pyrophosphate enzyme 4418 
S2 0.3 -0.5 1 5 Tcr_2032 Thiamine pyrophosphate enzyme 4419 
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S1 -0.5 -1.4 0.3 4 Tcr_2037 Nickel-dependent hydrogenase, large subunit  4420 
S2 0.2 -0.5 0.9 9 Tcr_2037 Nickel-dependent hydrogenase, large subunit  4421 
M1 0.8 -0.9 1.6 3 Tcr_2038 hydrogenase (NiFe) small subunit (hydA)  4422 
S1 -0.5 -1.5 0.3 4 Tcr_2038 hydrogenase (NiFe) small subunit (hydA)  4423 
S2 0.2 -0.5 1 6 Tcr_2038 hydrogenase (NiFe) small subunit (hydA)  4424 
M1 0.3 -0.6 1.2 3 Tcr_2043 hydrogenase accessory protein HypB  4425 
S1 0.2 -0.5 0.9 3 Tcr_2043 hydrogenase accessory protein HypB  4426 
S2 0.2 -0.5 0.9 4 Tcr_2043 hydrogenase accessory protein HypB  4427 
S2 0.2 -1.2 1.6 2 Tcr_2046 Thiol-disulfide isomerase and thioredoxins-like 4428 
M1 -0.4 -1.3 0.4 3 Tcr_2047 Rhodanese-like 4429 
S1 -0.4 -1.1 0.3 7 Tcr_2047 Rhodanese-like 4430 
S2 -0.3 -0.7 0.2 5 Tcr_2047 Rhodanese-like 4431 
M1 1 -0.1 2.1 2 Tcr_2048 diguanylate cyclase/phosphodiesterase (GGDEF 4432 
& EAL domains) 4433 
M1 -0.2 -1.1 0.6 5 Tcr_2049 hypothetical protein 4434 
M2 -0.1 -1.1 0.8 4 Tcr_2049 hypothetical protein 4435 
S1 0.3 -0.2 0.7 9 Tcr_2051 formyltetrahydrofolate deformylase 4436 
S2 0.2 -0.3 0.8 10 Tcr_2051 formyltetrahydrofolate deformylase 4437 
M1 -0.6 -1.5 0.3 2 Tcr_2052 exodeoxyribonuclease III  4438 
M2 -0.7 -1.3 -0.1 4 Tcr_2052 exodeoxyribonuclease III 4439 
S1 -0.1 -0.5 0.3 16 Tcr_2052 exodeoxyribonuclease III 4440 
S2 -0.5 -0.9 -0.2 16 Tcr_2052 exodeoxyribonuclease III 4441 
S1 -0.1 -0.7 0.4 11 Tcr_2053 oxidoreductase FAD/NAD(P)-binding 4442 
S2 -0.4 -1.1 0.3 8 Tcr_2053 oxidoreductase FAD/NAD(P)-binding 4443 
M2 0.9 -0.1 2 3 Tcr_2054 Ham1-like protein 4444 
S1 0.5 -0.1 1 9 Tcr_2054 Ham1-like protein 4445 
S2 0.4 -0.4 1.2 8 Tcr_2054 Ham1-like protein 4446 
M2 0.8 -0.3 1.9 2 Tcr_2055 hypothetical protein 4447 
S1 0.2 -0.2 0.7 7 Tcr_2055 hypothetical protein 4448 
S2 0.1 -0.6 0.7 4 Tcr_2055 hypothetical protein 4449 
M1 0.2 -0.1 0.5 22 Tcr_2056 Penicillin-binding protein 1A 4450 
M2 0 -0.4 0.3 23 Tcr_2056 Penicillin-binding protein 1A 4451 
S1 0 -0.7 0.7 2 Tcr_2056 Penicillin-binding protein 1A 4452 
S1 -0.2 -0.8 0.5 5 Tcr_2057 fructosamine kinase  4453 
S2 -0.1 -1 0.7 4 Tcr_2057 fructosamine kinase  4454 
M2 0.2 -1.3 1.6 2 Tcr_2058 adenylate kinase  4455 
S1 -0.1 -0.3 0.1 54 Tcr_2058 adenylate kinase  4456 
S2 0.2 -0.1 0.5 32 Tcr_2058 adenylate kinase  4457 
M1 0.4 -0.3 1.1 4 Tcr_2060 magnesium transporter  4458 
M2 0.4 -0.4 1.1 5 Tcr_2060 magnesium transporter  4459 
M1 -0.2 -0.4 0.1 26 Tcr_2061 S6 modification enzyme RimK 4460 
M2 -0.1 -0.3 0.2 39 Tcr_2061 S6 modification enzyme RimK 4461 
S1 0 -0.4 0.4 12 Tcr_2061 S6 modification enzyme RimK 4462 
S2 -0.1 -0.6 0.4 10 Tcr_2061 S6 modification enzyme RimK 4463 
M1 -0.2 -0.8 0.3 7 Tcr_2062 Succinylglutamate desuccinylase/aspartoacylase 4464 
M2 0.1 -0.5 0.6 9 Tcr_2062 Succinylglutamate desuccinylase/aspartoacylase 4465 
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S1 0.1 -0.5 0.8 9 Tcr_2062 Succinylglutamate desuccinylase/aspartoacylase 4466 
S2 0.1 -0.5 0.6 10 Tcr_2062 Succinylglutamate desuccinylase/aspartoacylase 4467 
M1 -0.1 -0.8 0.6 4 Tcr_2064 TonB-dependent receptor 4468 
M2 -0.6 -1.2 0 6 Tcr_2064 TonB-dependent receptor 4469 
S1 -1.1 -2.2 0 3 Tcr_2064 TonB-dependent receptor 4470 
S2 -0.7 -1.7 0.3 2 Tcr_2064 TonB-dependent receptor 4471 
S1 -0.3 -1 0.4 5 Tcr_2065 hypothetical protein  4472 
S2 -0.4 -1.2 0.4 4 Tcr_2065 hypothetical protein  4473 
M1 0.6 0.2 1.1 8 Tcr_2068 multi-sensor hybrid histidine kinase  4474 
M2 0.2 -0.6 1.2 5 Tcr_2068 multi-sensor hybrid histidine kinase  4475 
M1 0 -0.8 0.9 4 Tcr_2069 Protein of unknown function DUF302 4476 
M2 0.7 -0.3 1.8 7 Tcr_2069 Protein of unknown function DUF302 4477 
S1 0.5 0.3 0.7 35 Tcr_2069 Protein of unknown function DUF302 4478 
S2 0.3 0 0.5 45 Tcr_2069 Protein of unknown function DUF302 4479 
S1 0 -1 1 2 Tcr_2087 ABC transporter related  4480 
M1 -0.1 -0.8 0.6 5 Tcr_2095 Heavy metal efflux pump CzcA 4481 
M1 -0.7 -2.3 0.5 2 Tcr_2096 Secretion protein HlyD 4482 
S1 0.4 -0.6 1.5 3 Tcr_2096 Secretion protein HlyD 4483 
S2 0.2 -1.1 1.6 2 Tcr_2096 Secretion protein HlyD 4484 
M1 -1.1 -1.8 -0.5 2 Tcr_2105 Cytochrome c, class I 4485 
M1 -0.4 -0.9 0.1 7 Tcr_2106 hypothetical protein  4486 
M2 0.1 -0.6 0.7 11 Tcr_2106 hypothetical protein 4487 
S1 -0.3 -0.7 0 19 Tcr_2106 hypothetical protein 4488 
S2 0 -0.4 0.4 20 Tcr_2106 hypothetical protein 4489 
S1 0.2 -0.3 0.6 3 Tcr_2107 dithiol-disulfide isomerase involved in 4490 
polyketide biosynthesis-like 4491 
S2 0.6 0 1.2 5 Tcr_2107 dithiol-disulfide isomerase involved in 4492 
polyketide biosynthesis-like 4493 
S1 -0.1 -0.9 0.7 5 Tcr_2109 hypothetical protein 4494 
S2 1 0.3 1.7 3 Tcr_2109 hypothetical protein 4495 
M1 0.2 -0.8 1.1 5 Tcr_2110 Heavy metal translocating P-type ATPase 4496 
M2 1.3 0.6 2 5 Tcr_2110 Heavy metal translocating P-type ATPase 4497 
M1 0 -0.4 0.4 7 Tcr_2111 Protein of unknown function DUF302  4498 
M2 0.6 0.1 1.1 9 Tcr_2111 Protein of unknown function DUF302 4499 
S1 0.2 0 0.5 41 Tcr_2111 Protein of unknown function DUF302 4500 
S2 1.1 0.9 1.4 25 Tcr_2111 Protein of unknown function DUF302 4501 
M1 -0.6 -1 -0.2 13 Tcr_2113 Bilirubin oxidase 4502 
M2 1.7 1.3 2.2 14 Tcr_2113 Bilirubin oxidase 4503 
S1 -0.5 -1.3 0.2 6 Tcr_2113 Bilirubin oxidase 4504 
S2 1.9 1.5 2.3 11 Tcr_2113 Bilirubin oxidase 4505 
M1 0.2 -0.8 1.2 2 Tcr_2116 Copper-resistance protein CopA 4506 
M2 2.5 1.9 3 8 Tcr_2116 Copper-resistance protein CopA 4507 
S1 -0.2 -1.1 0.6 2 Tcr_2123 hypothetical protein 4508 
S2 0 -0.7 0.7 5 Tcr_2123 hypothetical protein 4509 
M1 0.6 -0.1 1.4 2 Tcr_2124 hypothetical protein 4510 
M2 0.2 -0.7 1.2 2 Tcr_2124 hypothetical protein 4511 
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S1 0.3 -1.4 1.9 2 Tcr_2125 Deoxyribodipyrimidine photolyase  4512 
M1 -0.3 -1.3 0.8 3 Tcr_2126 transcriptional regulator, MerR family 4513 
M2 -0.2 -1.2 0.7 3 Tcr_2126 transcriptional regulator, MerR family 4514 
S1 0.1 -0.5 0.7 8 Tcr_2126 transcriptional regulator, MerR family 4515 
S2 -0.1 -0.8 0.5 7 Tcr_2126 transcriptional regulator, MerR family 4516 
S1 0.5 0 1 5 Tcr_2127  4517 
S2 -0.2 -1.1 1.5 4 Tcr_2127  4518 
M1 0.6 -0.1 1.2 4 Tcr_2128 Uncharacterized FlgJ-related protein-like  4519 
M2 -0.6 -1.1 0.7 6 Tcr_2128 Uncharacterized FlgJ-related protein-like  4520 
S1 -0.4 -1.4 0.5 2 Tcr_2128 Uncharacterized FlgJ-related protein-like  4521 
M1 0.7 -0.1 1.4 5 Tcr_2129 quorum-sensing autoinducer 2 (AI-2), LuxS 4522 
M2 0.3 -0.5 1 3 Tcr_2129 quorum-sensing autoinducer 2 (AI-2), LuxS 4523 
S1 0.4 0.1 0.6 41 Tcr_2129 quorum-sensing autoinducer 2 (AI-2), LuxS 4524 
S2 0.2 0 0.4 27 Tcr_2129 quorum-sensing autoinducer 2 (AI-2), LuxS 4525 
M1 -4.8 -5.4 -4.3 3 Tcr_2130 Adenosylhomocysteine nucleosidase 4526 
S1 0.1 -0.4 0.6 9 Tcr_2130 Adenosylhomocysteine nucleosidase 4527 
S2 -0.2 -0.8 0.9 5 Tcr_2130 Adenosylhomocysteine nucleosidase 4528 
M1 0.2 -0.4 0.8 7 Tcr_2132 phosphoribosylglycinamide formyltransferase 2 4529 
M2 -0.3 -0.9 0.3 8 Tcr_2132 phosphoribosylglycinamide formyltransferase 2 4530 
S1 0.1 -0.2 0.4 26 Tcr_2132 phosphoribosylglycinamide formyltransferase 2 4531 
S2 0.1 -0.2 0.4 26 Tcr_2132 phosphoribosylglycinamide formyltransferase 2 4532 
M2 -0.1 -0.8 0.6 6 Tcr_2133 flagellar protein FliS  4533 
S1 0.4 -0.4 1.2 4 Tcr_2133 flagellar protein FliS  4534 
S1 0.4 -0.3 1.2 3 Tcr_2135 Aldose 1-epimerase  4535 
S2 0.6 -0.2 1.3 5 Tcr_2135 Aldose 1-epimerase  4536 
M1 0.5 -1.7 1.6 3 Tcr_2136 3-dehydroquinate synthase  4537 
S1 0.2 -0.2 0.5 22 Tcr_2136 3-dehydroquinate synthase  4538 
S2 0 -0.4 0.4 18 Tcr_2136 3-dehydroquinate synthase  4539 
M1 0.1 -0.4 0.6 3 Tcr_2137 Shikimate kinase  4540 
M2 0.1 -1 1.2 4 Tcr_2137 Shikimate kinase 4541 
S1 0.3 -0.2 0.8 10 Tcr_2137 Shikimate kinase 4542 
S2 0 -0.5 0.5 12 Tcr_2137 Shikimate kinase 4543 
M1 0.1 -0.9 1.1 2 Tcr_2138 Guanylate kinase 4544 
S1 0.4 0 0.7 12 Tcr_2138 Guanylate kinase 4545 
S2 0.2 -0.1 0.5 14 Tcr_2138 Guanylate kinase 4546 
M1 1 0.3 1.7 4 Tcr_2139 DegT/DnrJ/EryC1/StrS aminotransferase 4547 
M2 0.5 -0.3 1.3 5 Tcr_2139 DegT/DnrJ/EryC1/StrS aminotransferase 4548 
S1 0.3 0.1 0.6 42 Tcr_2139 DegT/DnrJ/EryC1/StrS aminotransferase 4549 
S2 0.1 -0.1 0.4 35 Tcr_2139 DegT/DnrJ/EryC1/StrS aminotransferase 4550 
M1 1.1 0.3 1.8 4 Tcr_2140 Iron-containing alcohol dehydrogenase 4551 
M2 0.8 0 1.6 5 Tcr_2140 Iron-containing alcohol dehydrogenase 4552 
S1 0.5 0.3 0.8 51 Tcr_2140 Iron-containing alcohol dehydrogenase 4553 
S2 0.3 0.1 0.6 45 Tcr_2140 Iron-containing alcohol dehydrogenase 4554 
M1 1.5 0.7 2.7 5 Tcr_2141 3-deoxy-D-manno-octulosonate 4555 
cytidylyltransferase 4556 
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M2 1 -0.1 2 6 Tcr_2141 3-deoxy-D-manno-octulosonate 4557 
cytidylyltransferase 4558 
S1 0.4 0.1 0.6 32 Tcr_2141 3-deoxy-D-manno-octulosonate 4559 
cytidylyltransferase 4560 
S2 0.2 -0.1 0.5 26 Tcr_2141 3-deoxy-D-manno-octulosonate 4561 
cytidylyltransferase 4562 
M1 1.3 0.6 1.9 7 Tcr_2142 Three-deoxy-D-manno-octulosonic-acid 4563 
transferase-like  4564 
M2 0.7 -0.1 1.5 5 Tcr_2142 Three-deoxy-D-manno-octulosonic-acid 4565 
transferase-like  4566 
S1 -0.3 -1.2 0.6 3 Tcr_2143 DNA-directed RNA polymerase, omega subunit 4567 
S2 0.1 -0.6 0.8 6 Tcr_2143 DNA-directed RNA polymerase, omega subunit 4568 
M1 -0.2 -0.7 0.2 11 Tcr_2144 (p)ppGpp synthetase I (GTP 4569 
pyrophosphokinase), SpoT/RelA 4570 
M2 -0.3 -0.7 0 23 Tcr_2144 (p)ppGpp synthetase I (GTP 4571 
pyrophosphokinase), SpoT/RelA 4572 
S1 -0.2 -1 0.5 7 Tcr_2144 (p)ppGpp synthetase I (GTP 4573 
pyrophosphokinase), SpoT/RelA 4574 
S2 -0.5 -1.2 0.2 7 Tcr_2144 (p)ppGpp synthetase I (GTP 4575 
pyrophosphokinase), SpoT/RelA 4576 
S1 -4.2 -4.6 -3.9 9 Tcr_2145 hypothetical protein  4577 
M1 4 3.3 7.1 2 Tcr_2147 ABC-type Mn2+/Zn2+ transport systems 4578 
permease components  4579 
M2 -1.5 -6.9 -0.3 2 Tcr_2147 ABC-type Mn2+/Zn2+ transport systems 4580 
permease components  4581 
M1 -0.8 -1.1 -0.5 19 Tcr_2148 ABC transporter related 4582 
M2 -1.4 -1.7 -1.2 29 Tcr_2148 ABC transporter related 4583 
S1 -1.2 -2.2 -0.2 2 Tcr_2148 ABC transporter related 4584 
S2 -1.5 -2 -0.9 4 Tcr_2148 ABC transporter related 4585 
M1 -1.9 -2.9 -0.8 4 Tcr_2149 Periplasmic solute binding protein 4586 
M2 3.8 3.4 4.3 5 Tcr_2149 Periplasmic solute binding protein 4587 
S1 -0.8 -2.1 0.3 3 Tcr_2149 Periplasmic solute binding protein 4588 
S2 -3 -6.8 -1.9 2 Tcr_2149 Periplasmic solute binding protein 4589 
S1 0.5 0.1 0.8 17 Tcr_2150 YjgF-like protein 4590 
S2 0.5 -0.2 1.1 7 Tcr_2150 YjgF-like protein 4591 
S2 -0.3 -1 0.4 2 Tcr_2152 Antibiotic biosynthesis monooxygenase 4592 
M2 2 1 7.1 2 Tcr_2156 sigma-24 (FecI-like)  4593 
M1 3.1 2.9 3.2 51 Tcr_2157 hypothetical protein 4594 
M2 2.5 2.3 2.6 66 Tcr_2157 hypothetical protein 4595 
S1 3 2.8 3.2 42 Tcr_2157 hypothetical protein 4596 
S2 2.2 2 2.4 33 Tcr_2157 hypothetical protein 4597 
M1 4.1 3.8 4.3 34 Tcr_2158 hypothetical protein 4598 
M2 3.2 3 3.5 35 Tcr_2158 hypothetical protein 4599 
S1 4 3.8 4.2 56 Tcr_2158 hypothetical protein 4600 
S2 3.5 3.3 3.7 42 Tcr_2158 hypothetical protein 4601 
M1 3.1 3 3.2 264 Tcr_2159 Phosphate-selective porin O and P 4602 
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M2 2.5 2.4 2.6 345 Tcr_2159 Phosphate-selective porin O and P 4603 
S1 2.9 2.8 3.1 81 Tcr_2159 Phosphate-selective porin O and P 4604 
S2 2.2 2 2.4 61 Tcr_2159 Phosphate-selective porin O and P 4605 
S1 -0.2 -0.6 0.1 21 Tcr_2163 UDP-N-acetylglucosamine pyrophosphorylase 4606 
S2 -0.3 -0.7 0.1 13 Tcr_2163 UDP-N-acetylglucosamine pyrophosphorylase 4607 
M1 0.9 0.7 1.1 55 Tcr_2164 ATP synthase F1, epsilon subunit 4608 
M2 0.6 0.4 0.8 65 Tcr_2164 ATP synthase F1, epsilon subunit 4609 
S1 0.9 0.6 1.3 34 Tcr_2164 ATP synthase F1, epsilon subunit 4610 
S2 0.4 0.1 0.7 33 Tcr_2164 ATP synthase F1, epsilon subunit 4611 
M1 0.9 0.8 1.1 304 Tcr_2165 ATP synthase F1, beta subunit 4612 
M2 0.6 0.5 0.7 412 Tcr_2165 ATP synthase F1, beta subunit 4613 
S1 1 0.8 1.1 195 Tcr_2165 ATP synthase F1, beta subunit 4614 
S2 0.5 0.3 0.6 162 Tcr_2165 ATP synthase F1, beta subunit 4615 
M1 0.9 0.7 1.1 105 Tcr_2166 ATP synthase F1, gamma subunit 4616 
M2 0.7 0.5 0.8 117 Tcr_2166 ATP synthase F1, gamma subunit 4617 
S1 1.1 0.9 1.3 57 Tcr_2166 ATP synthase F1, gamma subunit 4618 
S2 0.4 0.1 0.7 41 Tcr_2166 ATP synthase F1, gamma subunit 4619 
M1 0.8 0.7 0.9 172 Tcr_2167 ATP synthase F1, alpha subunit 4620 
M2 0.5 0.4 0.6 265 Tcr_2167 ATP synthase F1, alpha subunit 4621 
S1 0.9 0.7 1.1 121 Tcr_2167 ATP synthase F1, alpha subunit 4622 
S2 0.4 0.2 0.6 100 Tcr_2167 ATP synthase F1, alpha subunit 4623 
M1 1 0.7 1.2 36 Tcr_2168 ATP synthase F1, delta subunit 4624 
M2 0.6 0.4 0.8 71 Tcr_2168 ATP synthase F1, delta subunit 4625 
S1 0.9 0.6 1.1 29 Tcr_2168 ATP synthase F1, delta subunit 4626 
S2 0.4 0.1 0.7 20 Tcr_2168 ATP synthase F1, delta subunit 4627 
M1 1 0.8 1.2 71 Tcr_2169 ATP synthase F0, B subunit 4628 
M2 0.5 0.3 0.7 120 Tcr_2169 ATP synthase F0, B subunit 4629 
S1 0.6 0.3 1 15 Tcr_2169 ATP synthase F0, B subunit 4630 
S2 0.3 -0.1 0.7 14 Tcr_2169 ATP synthase F0, B subunit 4631 
M1 0.1 -0.2 0.4 20 Tcr_2174 parB-like partition proteins 4632 
M2 0.1 -0.2 0.5 24 Tcr_2174 parB-like partition proteins 4633 
S1 0.1 -0.2 0.4 25 Tcr_2174 parB-like partition proteins 4634 
S2 0 -0.3 0.4 20 Tcr_2174 parB-like partition proteins 4635 
M1 0.1 -0.3 0.4 12 Tcr_2175 Cobyrinic acid a,c-diamide synthase 4636 
M2 -0.1 -0.4 0.2 18 Tcr_2175 Cobyrinic acid a,c-diamide synthase 4637 
S1 0.2 -0.4 0.9 6 Tcr_2175 Cobyrinic acid a,c-diamide synthase 4638 
S2 0 -0.4 0.5 11 Tcr_2175 Cobyrinic acid a,c-diamide synthase 4639 
M1 0.3 -0.7 1.3 3 Tcr_2176 methyltransferase GidB 4640 
M2 0 -0.5 0.5 6 Tcr_2176 methyltransferase GidB 4641 
S1 0.5 0 1 7 Tcr_2176 methyltransferase GidB 4642 
S2 0.1 -0.3 0.4 12 Tcr_2176 methyltransferase GidB 4643 
M1 0.3 -0.2 0.8 12 Tcr_2177 glucose inhibited division protein A 4644 
M2 -0.2 -0.5 0.1 17 Tcr_2177 glucose inhibited division protein A 4645 
S1 0.4 -0.1 0.9 14 Tcr_2177 glucose inhibited division protein A 4646 
S2 -0.1 -0.6 0.5 11 Tcr_2177 glucose inhibited division protein A 4647 
M1 0.3 -0.2 0.8 9 Tcr_2178 hypothetical protein  4648 
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M2 0.3 -0.1 0.7 13 Tcr_2178 hypothetical protein 4649 
S2 0.2 -0.7 1 2 Tcr_2179 response regulator receiver (CheY-like) 4650 
modulated metal dependent phosphohydrolase  4651 
M1 2.6 2.4 2.8 43 Tcr_2184 5-methyltetrahydropteroyltriglutamate-- 4652 
homocysteine S-methyltransferase  4653 
M2 1.9 1.7 2.1 53 Tcr_2184 5-methyltetrahydropteroyltriglutamate-- 4654 
homocysteine S-methyltransferase  4655 
S1 2.6 2.5 2.7 325 Tcr_2184 5-methyltetrahydropteroyltriglutamate-- 4656 
homocysteine S-methyltransferase  4657 
S2 1.5 1.4 1.7 193 Tcr_2184 5-methyltetrahydropteroyltriglutamate-- 4658 
homocysteine S-methyltransferase  4659 
M2 0.8 0 1.6 3 Tcr_2185 transcriptional regulator, LysR family 4660 
S2 1 -0.2 2.3 2 Tcr_2185 transcriptional regulator, LysR family  4661 
S1 0 -0.6 0.6 3 Tcr_2191 GTP cyclohydrolase I  4662 
S2 0.1 -0.9 1 3 Tcr_2191 GTP cyclohydrolase I  4663 
M1 -0.9 -1.4 -0.3 6 Tcr_2194 RNA methyltransferase, TrmA family 4664 
M2 -4.1 -6.9 -3.3 5 Tcr_2194 RNA methyltransferase, TrmA family 4665 
S1 -1.4 -2 -0.8 2 Tcr_2194 RNA methyltransferase, TrmA family 4666 
M2 -0.8 -1.9 0.2 4 Tcr_2195 tRNA modification GTPase TrmE  4667 
M1 -0.6 -1.5 0.3 2 Tcr_2196 hypothetical protein 4668 
M2 0.2 -0.7 1 3 Tcr_2196 hypothetical protein 4669 
S1 0.1 -0.5 0.6 10 Tcr_2196 hypothetical protein 4670 
S2 -0.1 -0.5 0.3 9 Tcr_2196 hypothetical protein 4671 
M1 -0.1 -0.5 0.3 10 Tcr_2197 60 kDa inner membrane insertion protein 4672 
M2 0 -0.4 0.4 14 Tcr_2197 60 kDa inner membrane insertion protein 4673 
S1 -2.8 -3.5 0 3 Tcr_2197 60 kDa inner membrane insertion protein 4674 
M1 -0.1 -0.5 0.4 2 Tcr_2199 ribosomal protein L34 4675 
M2 -0.1 -0.4 0.2 4 Tcr_2199 ribosomal protein L34 4676 
S1 -0.1 -0.8 0.6 2 Tcr_2199 ribosomal protein L34 4677 
4678 
aS1, S2: combined soluble fractions from a low- and high-DIC culture (e.g., S1 consisted of a 4679 
soluble fraction from cells cultivated in one low-DIC chemostat combined with a soluble fraction 4680 
from cells cultivated in a high-DIC chemostat; S2 is a biological replicate of S1); M1 and M2 are 4681 
corresponding values from membrane-associated fractions. 4682 
4683 
bLog2 ratio was calculated as the log2 of the ratio of abundances of quantified peptides for cells 4684 
cultivated under low DIC conditions/high DIC conditions.   4685 
4686 
4687 
4688 
4689 
4690 
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